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The world’s newest 





supersonic jet engine... 


Selected to power production versions of the 


the 
Avro Arrow for the R.C.A.F. the Iroquois is a 
jet engine of very advanced design, developing 
maximum thrust with minimum dimensions in 
a simple mechanical layout. Using modern 
materials including titanium, Orenda has 


developed an engine of very low weight. 
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The Iroquois designed, developed 
and produced by Canadians 

is the supersonic successor to the 
Orenda jet engine, 4,000 of which 
are in service on four continents. 





FLIGHT TESTING THE NEW IROQUOIS AT MALTON 
The supersonic Iroquois is carried in this specially de- 
signed pod at the rear of a B-47. 
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The Alvis Leonides, 
which powers the Westland Widgeon, 
has already proved itself 
in many thousand hours of 
helicopter operation. 


ALVIS 


Leonides Aero Engines 


ALVIS LIMITED + COVENTRY - ENGLAND 
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SIKORSKY HELICOPTERS HAVE THE BEST 


Tested and proved successful in years 
of commercial and military service, 
Sikorsky helicopters alone offer the 
performance needed for today’s big 
jobs... plus a distinguished record of 
operation on all continents. 

Years of carrying passengers and 
cargo in scheduled service in Europe and 
in the United States have helped to give 
Sikorsky helicopters a background of 
experience unequalled in all aviation. 

Only Sikorsky helicopters have air- 
lifted oil drilling rigs into locations in 
the jungle, then carried in all materials 
needed to support the activity. In the 
United States during 1957 alone, 
Sikorskys carried 230,000 passengers to 
and from offshore oil drilling rigs. 

For service in any part of the world 
where transportation is a problem... in 
the Arctic, the jungle, over water or 
obstacles of any kind, Sikorsky heli- 
copters offer the most in performance 
and in proved dependability. 


CHICAGO HELICOPTER AIRWAYS 


flies a fleet of 5 Sikorsky S-58s between two major 
airports and a heliport in the city’s center. The line 
expects to carry its 100,000th passenger in June, the 
20th month of its operations. New York Airways 
and Los Angeles Airways dlso have operated with 
Sikorsky helicopters for years. 
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RECORD OF HEAVY-PAYLOAD PERFORMANCE 












JUNGLE LIFT — An S-58 
flew this oil rig in sections 
to its site in the New 
Guinea jungle. All ma- 
terial for operating was 
also brought in by heli- 
copter. Loads averaging 
two tons were carried. 


Photo: San Diego Union-Tribune 


LIFTING HEAVY LOADS of heating and ventilating equip- 
ment to the rooftop of a large new Convair plant, this S-58 
in two days finished a job which would have taken four weeks 
with an ordinary crane. More than 100 tons were handled. 








POWER LINE 

POLES were set in 
place by S-58 helicopter 
for three miles of line 
in the California moun- 
tains, pioneering a new 
time-saving construc- 
tion technique. Steel 
and concrete for elec- 
tric transmission line 
tower construction 
have also been flown 
into mountainous 
areas by helicopters. 





SABENA _ Belgian World Airlines provides international 
scheduled service in Europe with a fleet of 8 Sikorsky S-58s. 
Passengers fly conveniently and quickly to the centers of 
cities in Belgium, France, Germany and the Netherlands. 





UNITED AIRCRAFT EXPORT CORPORATION East Hartford 8, Connecticut, U.S.A. 


PRATT & WHITNEY AIRCRAFT Azrcraft Engines * HAMILTON STANDARD Propellers and Aircraft Equipment 
SIKORSKY AIRCRAFT Helicopters * CANADIAN PRATT & WHITNEY AIRCRAFT CO., LTD. Aircraft Engines 
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the Service is the same 


As Air Travel reaches out to all the 






countries of the world, so must the 





services which keep the aircraft flying. 





The BP Aviation Service is international; 
at hundreds of different airfields it 
supplies the essential fuelling and 







other services on which modern 





Air Travel depends. 















AVIATION SERVICE ~~ 








THE BRITISH PETROLEUM COMPANY LIMITED 
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Feats of Hercules 


New missile muscle 
now for NATO bases! 














The mighty Lockheed C-130 
HERCULES can transport 90°/o of 
all types of missiles now opera- 
tional with, and under develop- 
ment for, the U.S. Armed Forces. The HERCULES 
will fly missile cargoes non-stop for distances over 
3400 nautical miles, at cruise speeds of 305 knots. 

The rugged “‘go anywhere, haul anything” capa- 
bilities of America’s first prop-jet combat cargo 
carrier add new strength to NATO supply lines 
—at a time when these far-flung bases are more 
vital to the free world than ever before. 

In addition to “beefing up” the global mobility 
of the Armed Forces, the HERCULES is making new 
friends for the United States by its prodigious 
feats. Example: a C-130 of the 322nd Air Divi- 
sion, 317th Troop Carrier Wing, Evreux-Fauville 
Air Base, France, transported a 28,700-pound 
generator from Laon, France, to where it was 
badly needed to supply electric power in Adana, 
Turkey—and flew the 1981 nautical miles non- 
stop in less than seven hours. 

Like all Lockheed designed and built aircraft, 
the C-130 HERCULES can be counted upon to do 
its assigned jobs with outstanding ability, no mat- 
ter how difficult the task. That’s why— 





Lockheed 


means leadership 


Lockheed Aircraft Corporation 


GEORGIA DIVISION, Marietta, Georgia, U.S.A. 








GENEVA 


is preparing 
for the jet aircraft age 


SPF 
GENEVA & Ey AIRPORT 
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The splendour of the aurora borealis spreads over the strange polar sky. With no wind and calm 
atmosphere, the polar route is the smoothest of all air routes. Numerous aerodromes 
mark your route during the long polar night which lasts from November to May. 
April sees the dawn of the six-month “ day” when the sun untiringly circles the 
horizon, without ever setting... 


ANCE : Paris-Tokyo via the pole 


the fastest polar route between Europe and Japan 


Air France deferred the launching of this new service until it had 
e @ received the world’s fastest aircraft over the longest distances: the 
Paris-Tokio Super Starliner. Thus its northern Paris-Tokyo service is today the 
: shortest: less than 30 flying hours, with only 1 hour’s call at 
8,200 miles Anchorage, Alaska. The return flight is even shorter : 27 hrs. 30 mins. 
/ only from Tokyo to Paris. 
in less than The Super Starliner is not only extra fast, but is also the most silent. 
. Its berths and sleeper-seats offer passengers complete relaxation with 
30 flying hours all the pleasures of Air France’s celebrated comfort. — For the return 
LONDON-TOKYO 31 hrs. 10 mins. flying : th flight you can choose the southern route at no extra charge, via Hong 
GENEVA-TOKYO 31 hrs. 20 mins. flying ean th TR: SOREN. SE TN 
: Ke Polar Route At the pole as in the tropics, Air France places at your service the 
ZURICH-TOKYO 32 hrs. 30 mins. flying most modern of aircraft flown by top-grade crews, and the incompa- 
MUNICH-TOKYO 32 hrs. 40 mins. flying rable experience of the company which operates the longest of all 


DUSSELDORF-TOKYO 32 hrs. 00 mins. flying route networks. 
FRANKFURT-TOKYO 32hrs. 00 mins. flying 
BARCELONA-TOKYO 32hrs. 40 mins. flying AIR FRANCE THE SPECIALIST LONG-RANGE AIRLINE 
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As more high-performance turbo-prop and turbo-jet aircraft come into 
service, so the problems of Air Traffic Control become more acute. For 
these aircraft, precise navigation is more than ever the paramount 
need if they are to climb and descend safely through varying levels of 
medium and low altitude aircraft. 


The accuracy and flexibility of the Decca Navigator, which contin- 
uously pin-points the pilot’s exact position, ensures the efficient 
working of any traffic pattern, however complex. Holding areas can be 
designated and flown precisely at any altitude however high. No other 
aid can do this. Furthermore, no re-positioning of ground facilities is 
required if airways. terminal area procedures or holding patterns have 
to be changed for any reason. 


The Decca Navigator can do much to reduce separation standards, so 
essential to economical use of air space. Indeed, it is the inherent pre- 
cision and reliability of the Decca System that adds to the safety of 
high-performance aircraft, both in terminal areas and en route. 
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All BEA Viscounts are fitted with the Decca Navigator. 
Invaluable information on the requirements of jet 
age air traffic has been gained from over four 
years’ operation in these aircraft. 


tHE DECCA 
NAVIGATOR 


THE WORLD'S MOST ACCURATE NAVIGATION SYSTEM 


THE DECCA NAVIGATOR COMPANY LIMITED LONDON 
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Deadline Notes 


@ De Havilland is making a superhuman effort to speed up 
Comet 4 production to meet the demand for this jet transport, 
Interavia’s London Correspondent writes. Two lines are now 
running, one at Hatfield, and one at Chester. B.O.A.C. now 
seems certain to put the Comet first on the North Atlantic route 
in 1959, and not to Australia as originally planned. Confirma- 
tion of this will be made after the performance of the Comet 4 
has been assessed in flight trials which are to commence shortly. 
B.E.A. is now trying to get earlier delivery of Comet 4s as it 
wants to put the type on the London-Moscow run to compete 
with the Tu-104. It looks as if B.E.A. will attempt to make 
an arrangement with B.O.A.C. or even temporarily hire B.O.A.C. 
Comets until its own are delivered. In the meantime Argentine 
Airlines wants to take delivery of its first three Comet 4s in the 
period December 1958 to February 1959. 


® De Havilland Aircraft Co. has received an order from the 
Venezuelan Government for five Vampire trainers. Delivery 
will begin shortly, and the order will be completed this summer. 
The Venezuelan Air Force already operates a considerable force 
cf Vampire and Venom fighter bombers powered by D.H. 
Goblin and Ghost engines respectively. 


@® The Sparrow II guided air-to-air missile, developed by 
Douglas Aircraft Company in conjunction with Sperry and 
Raytheon, is to be built in Canada under licence by Canadair 
I.imited, Montreal. The Sparrow II will be the first Canadian 
built operational missile, and will be supplied to Air Defence 
Command of the Royal Canadian Air Force. It is the first time 
that a U.S. guided missile has been turned over to a foreign 
zovernment for production as well as use. Canadair is the 
coordinating contractor, and will manufacture the airframe and 
test equipment. Canadian Westinghouse Co. Ltd., Hamilton, 
Ont., will be responsible for the guidance system. Douglas will 
continue to provide technical assistance to the two Canadian 
firms. 

@ RCA Victor Company Limited, Montreal, has established 
a new Defence Systems Division as a separate entity from its 
parent organization. Head of the new division is J. J. Kingan ; 
Manager of Engineering is Russ J. Good ; Manager of Opera- 
tions, Dennis R. Sherwin; and Manager of Contracting, 
W. J. Morris. The division will have facilities for systems 
engineering, reliability studies, evaluation, design, environ- 
mental testing and development in the structural, mechanical 
and electronic fields. It will specialize in guidance systems 
(infrared, inertial and radar) and detection systems (electronic 
counter measure, infrared and radar). Plans are being made 
for new quarters to house the division, and supply facilities 
for radar antenna ranging and environmental testing. 


® Aerojet General Corporation’s Solid Rocket Plant at Sacra- 
mento, which has developed the powerplant for the Navy’s 
Polaris ballistic missile, has been awarded a $1,500,000 contract 
for solid propellant rocket development for the U.S. Air Force. 
Aerojet’s Liquid Rocket Plant, also located in Sacramento, is 
working on a liquid propellant rocket engine for the Air Force 
Titan ICBM. The company is also engaged in work on rocket 
engines for the Navy’s Regulus I and II missiles, the Army 
TIawk, the Air Force Bomarc and others. 


@ Douglas Aircraft Company has established a_ special 
engineering and scientific group to guide the company’s 
participation in outer space flight programmes. Under the 
direction of Elmer P. Wheaton, Chief Missile Engineer, the 
group will pay special attention to an investigation of basic 
factors involved in space flight and to the evaluation of the 
many proposals now under consideration by the company. 


@ Northrop Aircraft Inc. has placed the first order with the 
Nuclear Products-Erco division of ACF Industries Inc., Buffalo, 
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N.Y., for manufacture of mobile launcher assemblies for the 
fEnark SM-62 intercontinental missile. Value of the contract is 
$1,000,000. 

® Link Aviation Inc., Binghamton, N.Y., has received an 
order from the U.S. Air Force for a B-58 flight simulator. 
The contract is worth over $1,000,000. 


® Boeing Airplane Company has appointed The Babb Co., 
New York, as agent to handle world-wide sales of fourteen 
Boeing Stratocruisers due to be returned by British Overseas 
Airways Corporation as part exchange for the fifteen 
Boeing 707s B.O.A.C. has on order. The first of the Strato- 
cruisers is scheduled to be returned late this year. 


@ Piper Aircraft’s new development centre at Vero Beach, 
Florida, which will concentrate on flight tests, and new business 
and utility aircraft designs, has been completed. The facility’s 
initial project is the development of a new low-cost agricultural 
aircraft. In charge of the Vero Beach plant is Fred E. Weick, 
who has been head of the Aircraft Research Center, Texas, for 
nine years. Later a plant will also be constructed at Vero Beach 
for the production of various Piper Aircraft Corporation designs. 


@ “Operation Snow White” is reported to have produced 
very satisfactory results. The purpose of the tests had been 
to study the behaviour of the Sud-Aviation SE.210 Caravelle 
under Arctic weather conditions. Scandinavian Airlines System 
experts were particularly impressed by the aircraft’s braking 
coefficient which was three to four times higher than that of 
viston-engined aircraft. The Maxaret anti-skid device was also 
found highly satisfactory. During landing manceuvres on snow- 
covered runways, the Caravelle came to a standstill in less 
than 2,000 ft. The temperature on the ground ranged from 
0°C to —30°C. The lowest temperature encountered in flight 
at 35,000 ft. was —65°C. The aircraft’s SAFT Voltabloc 
batteries enabled the Caravelle to start without difficulty at 
all times. The fuel filters were heated to prevent the formation 
of ice crystals in the fuel. The trials, which were completed 
according to schedule, involved a series of twenty flights 
aggregating some forty-five hours. The test route took the 
Caravelle as far as the North Cape. 

® The Nord 2502 Noratlas, the civil version of the Nord 2501, 
is carrying out a series of tests at the Brétigny Test Centre to 
obtain certification for a gross weight of 50,600 lb., an increase 





Interavia’s 25th Anniversary 


The June 1958 issue of Interavia, Review of World 
Aviation will be a Jubilee Issue to mark the Publishers’ 
25th Anniversary. 


To celebrate the occasion, we are organizing an 


Essay competition 

with cash prizes totalling $5,000, which will be open to 
all readers. Conditions will be announced in the June 
issue. 
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of 2,200 Ib. over the present certificated weight. The Nord 2502 
is powered by two SNECMA (Bristol) Hercules 2,000 h.p. 
engines and two Turboméca Marbore II 880 lb. auxiliary jets. 
The commercial version is in operation with U.A.T. and Air 
Algérie. 

@ Electravia S.A., Geneva, has been appointed sole repre- 
sentative of Piper Aircraft Corporation in Switzerland. Electr- 
avia last October took over the facilities of Lear S.A. at Geneva- 
Cointrin Airport and the exclusive agency for Lear products. 
The company also handles sales of Champion spark plugs for 
aircraft engines. 


@ Aerfer, Industrie Meccaniche Aeronautiche Meridionali, has 
been awarded a contract by the Italian Air Force for a pre- 
production batch of three Aerfer Leone aircraft to be built at 
the company’s Pomigliano d’Arco factories near Naples. Aerfer 
is also developing the prototype of a target drone. The elec- 
tronic equipment of the drone is to be manufactured by Marconi 
Italiana. 

® Costruzioni Aeronautiche Giovanni Agusta has now delivered 
the first three Agusta-Bell 47G ordered by the Austrian 
Ministry of Defence. 

@ British Overseas Airways Corporation is now stepping up 
its services with the Britannia 312. There will be a progressive 
build-up in Britannia services London-Chicago via Montreal, 
culminating in June in seven services per week both ways. 
From May 6th there will be twice-weekly return London- 
San Francisco services with the Bristol Britannia. Finally, from 
November onwards, it is planned to have a _ thrice-weekly 
Britannia service from London to the Caribbean area. 


@ Eagle Airways on April 12th, 1958, inaugurated a new 
London-Pisa Viscount service. Flights will be made four times 
a week throughout the summer. 


© Silver City Airways is introducing this summer the first 
all-passenger version of the Bristol 170 Mk.32 Superfreighter 
car-ferry transport. The new airliners, which are 60-seaters, 
are to be known as Super-Wayfarers and will be used principally 
to provide the Ferryfield/Le Touquet air link in Silver City’s 
Silver Arrow coach-air-rail service between London and Paris, 
starting on May 21st. They will also supplement the airline’s 
fleet of Bristol Wayfarers and DC-3s on inclusive tour work. 


® Pakistan International Airlines opened a second weekly 
service between Karachi and London via Geneva, on April 18th, 
1958. The company now flies three times a week between 
Karachi and London—twice via Geneva and once Rome-London 
direct. P.I.A., which was founded in June 1954, now has a fleet 
of five Lockheed Super Constellations, four Convair 240s and 
ten Douglas DC-3s. Five Vickers Viscount 800s are on order. 
No decision has been made so far about an order for jet equip- 
ment. 


@® The N.A.T.O. Defence Production Committee met in Paris 
in mid-April to decide on a choice of standard equipment for 
N.A.T.O. forces. Although the final decision was not known 
at the time of going to press, it seems certain that the agree- 
ment reached in Rome on April 8th between the Defence 
Ministers of Germany, Italy and France on the selection of a 
lightstrike fighter will be confirmed. The three Ministers 
agreed that an immediate order should be placed for 148 Fiat 
G 91s (50 for Italy, 50 for Germany and 48 for France), to be 
followed later by an order for an advanced version of the 
Breguet 1003 Taon. The United States had indicated earlier 
that it wouid not provide assistance in the form of additional 
orders unless the choice was unanimous and the interested 
countries undertook to bear fully the cost of their respective 
orders. This requirement has been met by the countries of the 
Three-Power Arms Pool (France, Italy, Germany). It was 
also announced that Italy and Germany would support the 
choice of the Mirage III as the standard interceptor of the 
signatories of the Three-Power Arms Pool. 


@ The Fédération Aéronautique Internationale at the closing 
session of its Los Angeles meeting unanimously elected Jacque- 
line Cochran as the organisation’s President for the coming 
year. Delegates unanimously accepted a Soviet invitation to 
hold the 1959 meeting in Moscow. 


@ Qantas Empire Airways has announced the acquisition of 
Fiji Airways and the appointment as Manager of Captain 
R. O. Mant, formerly Assistant Operations Manager of Qantas. 
According to C.O. Turner, Qantas General Manager, it is 
planned to consolidate Fiji Airways and expand its operations. 


@ The Leningrad Division of Aeroflot is due to receive its 
first Il-18 before the end of June. The aircraft will be used 
on regular services to Moscow, Adler and Simferopol. 


@ Many military observers and technicians 
recently attended test launchings of Bel- 
gium’s first guided missile at the Centre 
d’Instruction de |’Artillerie Anti-Aérienne 
at Lombardzijde. 


e Flight testing of the Ilyushin Il-18 four- 
engine turboprop transport was completed 
with a 9,700 nautical mile flight which took 
27 hours 34 minutes. 


e Pre-production engineering and tooling 
for the production of the N-156F counterair 
fighter is being financed entirely from 
Northrop Aircraft Inc.’s own resources. 

e The prototype of the Cessna 150 sports 
and touring aircraft is now undergoing 
flight testing. The Cessna 150 will replace 
the Cessna 140, production of which has 
now been dropped, and is scheduled to 
come on the market in 1959. 


e Life between overhauls of the Bristol 
Proteus 705 turboprops in B.O.A.C.’s Bri- 
tannias has been increased to 1,300 hours, 
by authorization of the Air Registration 
Board. The authorization for the new 
figure was given after 175,000 engine 
flying hours. 

e The Sud-Aviation SO.1211 Djinn tur- 
bine helicopter has received its C.A.A. type 
certificate. 

e The Blackburn NA.39 prototype has 
now been moved from Brough to Bedford 
for flight trials which will probably have 
commenced by the time these lines appear. 
It appears that the machine has moderately 
swept wings and tailplane, twin fuselage- 
mounted air intakes for two de Havilland 


Workshop Briefs 


Gyron Juniors, and seating for pilot and 
navigator in tandem. 

e It is believed that Hawkers have 
designs for a two-seat all-weather version 
of the P.1121 fighter in the Mach 2+ class. 
Furthermore, it is believed that some work 
is still under way on the 1121 prototype at 
Kingston. 

e Argentina’s Fabrica de Aviones has de- 
veloped the Type I.A.46 single engine agri- 
cultural aircraft which has been publicly 
demonstrated for the first time. It is a 
three-seater with gross weight of 2,050 Ib.; 
weight equipped 1,235 lb. ; chemical tanks 
with a capacity of 110 Imp. gals. can be 
mounted in the rear of the fuselage. Power 
unit one Lycoming 0-320 of 150 h.p. ; span 
38.05 ft., height 7.05 ft. 

e The Ministry of Supply has placed an 
order with Short Bros. & Harland for the 
development of a small ship-to-air guided 
weapon, but no details have been disclosed. 
e The first Fairchild F-27 commenced 
flight testing in early April. First delivery 
is scheduled to West Coast Airlines at the 
end of June this year. 

e@ Marquardt Aircraft Company is report- 
edly testing ramjet engines capable of 
speeds up to Mach 4 and altitudes of more 
than 100,000 ft. Such engines will be used 
in a new and advanced version of the 
Boeing Bomarc. 

e Vertol Aircraft Corporation has rolled 
out its new Type 107 helicopter at the 
Morton, Pa., plant ; it was towed to Phila- 
delphia International Airport for the start 
of ground testing. The Vertol 107 is powered 


by two Lycoming T53 turbines of 825 h.p. 
each, and will probably have made its 
first test flights by the time these lines 
appear. 

@ The Potez 4D30 (240 h.p.) engine, with 
centrifugal blower, has commenced bench 
tests at the Centre d’Essais de Moteurs et 
Hélices in Saclay. This power unit, which 
is now in production, will equip the Nord 
3202 and 3400. One unit has _ recently 
carried out a test bed run to I.C.A.O. 
standards and has logged 250 hours with- 
out incident; for these tests the 4D30 
was fitted with the Zenith fuel injection 
system, as for the standard production 
model. 


e The Armstrong Siddeley Mamba ASMa.8 
engine has received civil approval from the 
Air Registration Board. This engine has 
been approved at a take-off rating of 2,075 
e.s.h.p. and a maximum continuous rating 
of 1,825 e.s.h.p. Maximum fuel consumption 
at these ratings is respectively 0.665 Ib./ 
e.s.h.p./h and 0.680 Ib./e.s.h.p./h. Net dry 
weight is 975 lb. 

e A new aerial photographic system, 
known as the Digital Data Recording De- 
vice, which simultaneously takes pictures 
and writes its own “captions” on the films, 
has been developed for the U.S.A.F. by the 
International Telephone and Telegraph 
Corp. The system transcribes data from 
the aircraft’s instruments on_ location, 
speed, altitude and other information into 
“electronic shorthand” and transmits them 
to a cathode ray tube placed in the came- 
ra’s field of vision. 
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SOCIETE NATIONALE 
D'ETUDE ET DE CONSTRUCTION DE MOTEURS D’AVIATION 


150, Boulevard Haussmann - PARIS-VIII 
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THE BOEING 707 STRATOLINER (above) is designed for me- 
dium to long-range routes ; the 707 Intercontinental, for over- 
ocean routes, and the 720 for short-to-medium range routes. All 
will bring unprecedented passenger comfort to the world’s 


PASSENGER WILL RELAX in luxuriously 
comfortable cantilevered chairs that pro- 
vide unobstructed leg room. Built-in 
opaque window shades will cut any unde- 


airlanes. 





GALLEYS ARE LOCATED both forward 
and aft for efficient, flexible food service 
for up to 189 passengers. On ground, gal- 
leys are quickly serviced through special 
hatches. 





sirable glare. 
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IN SPACIOUS 707 AND 720 CABINS, passengers will enjoy a 
ride totally free of fatigue-inducing vibration. At night, ovalled 
dome lights create the illusion of star-flecked sky. Windows— 
twice as many per seat row as in conventional airliners—provide 
unobstructed view even from aisle seats. Overhead passenger 
service units contain reading lights, call buttons, individual 
speakers. Ventilation system changes air rapidly without draft. 
Movable bulkheads and seats set in tracks can be changed to any 
combination of 4, 5 or 6-abreast seating to meet all competitive 


situations. 


707 AND 720 CABINS provide for club-like lounges forward 
and aft. They can be replaced by additional seating. Boeing 
jetliners combine passenger-pleasing luxury with economical 
flight and maintenance features that add up to profitable opera- 
tions for airlines. 


SOLEMN iF 


Family of jet airliners 


These airlines already have ordered models of the Boeing family 
of jetliners : 
AIR FRANCE @ AIR INDIA @ AMERICAN @ B.0.A.C. © BRANIFF @ CONTINENTAL @ CUBANA 
LUFTHANSA @ PAN AMERICAN @ QANTAS @ SABENA ® TWA @ UNITED @ VARIG 











VISCOUNT 


Turbo-prop or jet 


Both of these great 


modern aircraft fly regularly 





and reliably with 


DUNLOP 


ee ee COMPONENTS 


Tyres - Wheels - Brakes - Mararet Anti-Skid Units 
Brake Operating Equipment 


Mazivue Windscreen Wipers - Flexible Hose 


o> DUNLOP RUBBER COMPANY LIMITED 
(AVIATION DIVISION) 

FOLESHILL - COVENTRY - ENGLAND 
DEPOTS THROUGHOUT THE WORLD 
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pc3/c47 OWNERS PRAISE 


“AIRESEARCH "DY 
MAXIMIZER” 





~ 


of 


“ 


GUARANTEED 20 M.P.H. 
Speed Increase At Same Horsepower 


Pays for itself in 1,000 hours by increasing range and payload with 
no increase in horsepower .. . flight performance and safety improved 
considerably. These are the findings of the many DC3/C47 owners 
who have purchased the lightweight, fully CAA approved 

AiResearch Maximizer Kit. 


Improves single engine performance « Increases thrust at any given 
horsepower e Reduces drag « Reduction in cooling drag 

and increased cooling capacity minimizes chance of second 

engine failure during single engine operation in hot weather 


e Cuts maintenance e Easily installed 


Aileron Gap Strip (optional), not shown, improves single engine 
control and stall characteristics, and lowers stalling speed. 


CORPORATION AiResearch Aviation Service Division 


Los Angeles International Airport, Los Angeles 45, California 


THE 





AiResearch Aviation Service Company e Los Angeles International Airport, Los Angeles 45, California 








Please send me detailed NAME 
information on the ‘‘AIRESEARCH STREET 
MAXIMIZER” kit. CITY ame 
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my Niahaerer— is 
the key of 
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(Combat Aviation Rule ) 


AZ” 
72.000 FEET AND ABOVE... 


SUD AVIATION 


SOCIETE NATIONALE DE CONSTRUCTIONS AERONAUTIQUES 


37, BOULEVARD DE MONTMORENCY - PARIS (16°) - TEL. BAG. 84-00 
SUD AVIATION CORP. 500 FIFTH AVENUE - NEW-YORK. 36. N.Y. (U.S.A.) 
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Douglas 


easier maintenance 


more flying time 


per airplane 


Time lost on the ground when an air- 
plane should be flying is money lost 
on the balance sheets of airlines. 
That’s why every DC airplane is de- 
signed with ease of maintenance 
strongly in mind. 

In addition, Douglas Service and 
Spare Parts people provide world- 
wide service to make sure other prob- 
lems that might cause grounding of 


DC aircraft are kept to a minimum. 

The combination of more time in 
the air and the higher productivity 
and lower operating costs of DC air- 
planes insures a good profit margin 
for operators of Douglas transports. 

Easier maintenance is another of 
the money-saving and time-saving 
reasons so many airlines depend on 
Douglas equipment. 
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The most respected name 
in Aviation 





“Equal to, if not better than, any Bomber in the World” 


—Mr. C.I. Orr-Ewing, Under Secretary for Air. 


In announcing that the famous 617 Squadron—the Dam Busters—is to be reformed and equipped with 
the Avro Vulcan Delta Bomber, believed to be the fastest bomber in service anywhere, Mr. Charles Ian 
Orr-Ewing, Under Secretary for Air, has said that in the Vulcan “ we now have a bomber aircraft which 
is equal to, if not better than, anything else in the world ”’. 


. 


‘*The Vulcan comes from a good stable’ 


In addition to Mr. Orr-Ewing’s tribute, the Air Officer Commanding No. 1 Group, Bomber Command, 
had this to say: “ We are extremely pleased with the Vulcan, both from the operating and the mainte- 
nance aspects. The way in which this large aircraft and its complex system has been brought into use 
in the front line of Bomber Command, without any of the enforced groundings so frequently experienced 
with new types of aircraft, is most gratifying. The Vulcan is giving us splendid utilization ; indeed, it is 
far better than we experienced with any other type of aircraft, large or small. The Vulcan comes from a 
good stable and is liked by the servicing crews as well as the flying crews.” 


We are proud of our stable—from it have come: the Avro ‘504’—the first long-range bomber of 
World War I; the faithful Anson ; the immortal Lancaster, used by the Dam Busters in World War 2; 


and now the Vulcan. 


“See” A..V. ROE & CO. LTD. - MANCHESTER 


MEMBER OF THE HAWKER SIDDELEY GROUP/PIONEER... AND WORLD LEADER IN AVIATION 
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U.S. Air Transportation and Aircraft Industry in Mid-April, 1958 


BY SCOTT HERSHEY, NEW YORK 


Aviation securities generally have pretty much reflected the 
overall market picture in recent weeks, and for the first quar- 
ter of the year there has not been much change in prices mar- 
ket-wise. It has been largely a case of backing and filling. 

The lows for the year were recorded January 2nd, and the 
year’s high thus far on February 4th. Since the February 4th 
high, the drift has been down again. Prices were up for a few 
weeks as investors were encouraged by the prospect of anti- 
recession measures. As business continued lower and lay-offs 
brought their inevitable toll of unemployment there has deve- 
loped a reversal. Now, however, there are signs of a slackening 
of unemployment, but business figures remain mixed, with 
fairly good reports from some companies in consumer lines in 
contrast to those in heavier lines. 

The prospect of heavy Government expenditures in the missile 
and allied fields has given some support to aircraft companies, 
but affecting all stocks adversely are the first quarter reports 
which are coming in and reflecting declines in earnings — with 
some exceptions. This can mean, of course, lowered dividends. 

The firm of J. R. Williston and Beane indicate that the air- 
crafts appear speculatively attractive at this time. While mar- 
ket action of the group has not been particularly good, it is 
pointed out there are reasons for this. There are some mis- 
understandings of the flat-to-lower earnings estimates for many 
leading producers in 1958 and finally the failure thus far of the 
Government’s accelerated spending plans to be translated into 
tangible, substantial production orders. 

A flood of big orders could easily spark a rally in aircrafts, 
and there are a number of Wall Street observers who feel this 
may not be far in the future. Thus the failure of the Govern- 
ment’s accelerated defense spending plans to be translated into 
tangible orders may well be the most important potential mar- 
ket influence. 

There is hardly a day that the newspapers do not carry 
Government spending plans in the missile and allied fields, and 
there is no doubt of Washington’s position in this matter. 
Within the next few months these plans undoubtedly will turn 
into tangible orders and even heavy backlogs in the aircraft field. 

Analysts at J. R. Williston and Beane point out that Govern- 
ment figures indicate a 76 percent increase in aircraft and 
missile contract letting during the first half of 1958, compared 
with the last half of 1957. There has been little acceleration of 
procurement during the first three months of this year. This 
would indicate a very heavy concentration of new business for 
the industry for the months remaining before the fiscal year 
ends on June 30th. 

There are indications that new contracts in the second 
quarter may run at a $25,000,000,000 annual rate, which could 
be in excess of $6 billion for the period. 

The previous peak was a rate of $21,500,000,000 in the second 
quarter of 1956, and so the upcoming period could be the highest 
since the Korean War. This $25 billion figure is in sharp 
contrast to the rate of $8.6 billion, or less than $2.2 billion for 
the period, which marked the third quarter of 1957 following 
the drastic pre-Sputnik defense budget cutting of last summer 
and fall. 

It should be noted that the upcoming contracts probably will 
have very little effect on the industry’s sales and earnings for 
some time to come. And it appears likely that the perennial sub- 


ject of disarmament will be raised from time to time in coming 
months. 

At the same time, the substantial size of the projected con- 
tracts will burgeon backlogs in the aircraft industry and should 
off-set to some degree at least the rather dull earnings prospects. 

Wall Streeters pointed out that any investment appraisal 
of the aircrafts at this time is complicated and marked by 
uncertainties. About 82 percent of the industry’s 1957 volume 
went to the military, and thus the industry’s prospects are tied 
in directly with the cold war and the changing international 
situation. 

Furthermore, the rapidly changing technology of the missile 
and space age portends changes within the industry itself, 
readjustments and realignments. For short-term speculation, 
however, aircraft securities do appear to be on firmer ground 
at this time than the market as a whole. 

As to which companies will benefit by the anticipated con- 
tracts, it appears that virtually all aircraft stocks and those of 
major contractors should be affected. 

The particular favorites of J. R. Williston and Beane include 
General Dynamics, Douglas, North American and Lockheed, 
as well as Thompson Products, Bendix and Menasco. While pre- 
sently offering less definite prospects, Boeing and Chance 
Vought are also worthy of attention. 


* 


On the airline side, if the airlines needed something tangible 
to bolster their request for a substantial increase in passenger 
fares—and they didn’t—the 1957 financial picture which is 
now virtually complete certainly provides it. 

Reports from the twelve leading trunk lines showed net ope- 
rating revenues off a whopping 51.4 percent. The total was 
$53,882,000 as compared with $110,995,000 in 1956. 

There was a drop in the rate of traffic growth, too, a situa- 
tion which began to make itself felt in September. The old story 
of rising costs combined with this situation to produce the 
sharp cutback. 

Gross revenues were up to $1,537,000,000, from $1,402,266,000 
the year before. At the same time the carriers flew a total of 
26.6 billion revenue passenger miles in 1957, a gain of 3.1 bil- 
lion from the preceding year. Significantly, the load factor 
dropped to an average of 61.5 percent from the 64 percent of 
the preceding year. This reflected the greater availability of 
facilities as larger aircraft went into service, along with the 
lag in demand for accommodations mentioned above. 

The compilation of leading aircrafts for 1957 shows deficits 
posted by T.W.A., Northeast and Capital. The same three lines 
also showed deficits the year before. Capital reports a loss 
of $3.70 per share ($4.08 in 1956), Northeast $2.40 ($0.17), 
and T.W.A. $0.24 ($0.35). The other airlines, too, are not 
exactly on a bed of roses ; most of them showed a sharp drop 
in earnings, in many cases by more than half. American Air- 
lines made a profit of $1.08 per share in 1957 (compared with 
$2.23 in 1956), Eastern $2.34 ($4.98) and United $1.41 ($2.99), 
to name only these examples. 

The temporary boost of about 6.6 percent in passenger fares 
put into effect early in February is regarded as wholly inade- 
quate to cope with rising operating costs and to put the airlines 
on the solid financial footing which is necessary for their well- 
being and for the well-being of their stockholders. 





INTERNATIONAL MEETINGS 
AND CONFERENCES 


May 7th-9th : UNO - Advisory Committee 
on Peaceful Uses of Atomic Energy. Ge- 
neva. 

May 10th: IATA - 014a Working Group 
(Construction Rule - Passenger Fares). 
Jamaica. 

May 10th-18th: International Swedish 
Fair, incorporating radio, television and 
telecommunications exhibition. Géteborg. 

May 12th: IATA - Clearing House and Re- 
venue Accounting Sub-Committee. Rome. 

May 12th: IATA - Traffic Advisory Com- 
mittee. Jamaica. 

May 12th-14th : IRE - National Conference 
on Aeronautical Electronics, Institute of 
Radio Engineers. Dayton, Ohio. 

May 12th-14th: IAS - National Mid-Wes- 
tern Meeting on Guided Missiles. St. 
Louis, Missouri. 

May 12th-16th: AOC - Annual Meeting, 
Airport Operators Council. San Juan, 
Porto Rico. 

May 13th: IATA - Fares, Rates and 
Charges Sub-Committee. Jamaica. 

May 14th: IATA - Reservations Working 
Group. Lisbon. 

May 14th-16th: SESA - Spring Meeting, 
Society for Experimental Stress Analysis. 
Cleveland, Ohio. 

May 17th: Armed Forces Day 1958 - 
“Power for Peace”. United States. 

May 17th: ARB - Meeting of the Air Re- 
search Bureau. Cologne. 

May 19th-22nd: SAWE - 17th Annual 
National Conference, Society of Aero- 
nautical Weight Engineers. New York. 

May 19th-23rd : IEE - International Con- 
vention on Microwave Values, Institution 
of Electrical Engineers. London. 

May 19th-24th: Annual Conference “Air 
Navigation and Air Traffic Control” - 
Ausschuss fiir Funkortung. Berlin. 

May 20th: IATA - Financial Committee. 
tome. 

May 20th : ICAO - 11th Session of the Ge- 
neral Assembly. Montreal. 

May 25th-31st : AWA - Annual Convention, 
Aviation Writers Association. Houston, 
Texas. 

June 2nd: IATA - Executive Committee. 
Brussels. 

June 2nd-4th: ANS - Annual Meeting, 
American Nuclear Society. Los Angeles. 

June 2nd-4th : National Telemetering Con- 
ference and Exhibition 1958, under aus- 
pices ef ARS, IAS, AIEE, ISA. Balti- 
more, Maryland. 

June 2nd-6th : AAEC - Symposium on the 
Peaceful Uses of Atomic Energy - Aus- 
tralian Atomic Energy Commission. Syd- 
ney. 

June 4th-6th : AFCEA - Convention, Armed 
Forces Communications and Electronics 
Association. Washington. 

June 6th: HAGB - Lecture on “Turbine 
Helicopters” by D.L. Hollis Williams 
(Westland Aircraft Ltd.), Helicopter 
Association of Great Britain. London. 

June 8th-1lth: ARS - American Rocket 
Society, Semi-Annual Meeting. Los An- 
geles. 

June 9th-13th : 4th International Automa- 
tion Exposition and Congress. New York. 

June 15th-19th: ASME - Semi-Annual 
Meeting. Detroit. 

June 15th-29th : World Gliding Champion- 
ships 1958 - Aero Club of Poland. Leszno, 
Poland. 

June 16th-18th : IRE - 2nd National Con- 
vention on Military Electronics. Wash- 
ington. 





Stuart Tipton Champions the Airlines 


“ ..The extensive participation by the air 
transport system in the transportation of 
passengers and mail must be accepted as 
an economic fact of life. No progress can 
be made in meeting the troubles of the 
railroads by investigating measures which 
can be taken against the airlines. In the 
twentieth century no business is free from 
the threat, or challenge, of technological 
change.” 


With these words, Stuart G. Tipton, 
President of the Air Transport Associa- 
tion of America, introduced a_ lengthy 
statement submitted to the Subcommittee 
on Surface Transportation of the Senate 
Interstate and Foreign Commerce Commit- 
tee, which is conducting an inquiry into 
ihe economic difficulties of the U.S. railroads 
and the Government’s transportation policy. 


Without diverging from his_ subject, 
Tipton combined his remarks with a 
condensed account of the scheduled air 
transport industry’s activities. He reviewed 
the past two decades since the passing of 
the Civil Aeronautics Act of 1938 and 
showed how thin are the arguments which 
many ground transportation circles are 
still using against the airlines. 


Far from receiving alms, the U.S. air 
transport industry had made considerable 
sacrifices in the public interest, particularly 
since the end of World War II. Despite 
the economic recession suffered by the 
airlines between 1946 and 1949, while the 
rest of the country was enjoying prosperity, 
it had completed no less than four full 
re-equipment programmes during the past 
seven years, culminating in the heavy 
burden it had now assumed for conversion 
to jet aircraft. 


Meanwhile the airlines had become more 
and more self-sufficient, and subsidy formed 
a smaller and smaller proportion of total 
industry revenues. In recent years it had 
been eliminated entirely in the case of 
the domestic trunklines and most of the 
international operators. 


Though in earlier years mail pay had 
been a form of subsidy for the financially 
weaker airlines, today the rate for carrying 
mail was simply compensation for the 
service performed. Mail revenue consti- 
tuted only 2.4 percent of the total airline 
revenues of all domestic air carriers. Out 
of every 6 cent airmail stamp, 5.1 cents 
went to the Post Office Department and 
only 0.9 cents to the airlines. In 1956, the 
Government received about $102,770,000 in 
postal revenues from domestic letter air- 
mail and paid out only $15,260,000 to the 
airlines. The total number of letters 
carried in 1957 was close to 1.5 billion, an 
increase of over 650 percent since 1938. 


The air transportation industry’s con- 
tribution to defence must also not be over- 
looked. The total number of four-engine 
aircraft which the airlines had made 
available for immediate mobilization under 
the Civil Reserve Air Fleet plan was 368, 
representing an investment of $550,000,000. 


Despite these services to the country, 
and despite the fact that between 1952 and 
1957 the trunk airlines’ revenues almost 
doubled (from $768,015,000 to $1,425,700,000), 
profits fell by more than a half, from 


$53,534,000 in 1952 to an_e estimated 
$22,400,000 in 1957. 


Any practical evaluation of the problems 
of all branches of the transportation in- 
dustry must employ certain clear and 
understandable yardsticks. All legislative 
and executive action must therefore be 
checked against the following criteria: 
1) will Government action improve service 
in the public interest ? 2) will this action 
strengthen America’s international posi- 
tion? 3) will the Government’s action 
serve to let America’s free enterprise 
system act as a stimulus to its economy ? 


Some of the demands made by the rail- 
roads were supported by the scheduled 
airlines, while others were emphatically 
rejected. 


For example, they were in fullagreement 
with the railroads and the trucking industry 
on the urgent need for the abolition of the 
10 percent tax on passenger travel, which 
adversely affects all common carriers. 


On the other hand, the airline industry 
opposes any suggestion that the railroads 
should invest in the airlines. Any changes 
in legislation aimed at mingling the in- 
terests of road, rail, shipping and air 
transport should be resisted, since they 
would not promote the interests of air 
transportation or the public interest. “It 
would restrain competition, jeopardize 
carriers not party to the consolidation, and 
foster monopoly.” 


The airlines also advocated repeal of 
legislation which permits railroads to make 
“secret agreements” with the authorities 
on special rates. “With no _ regulatory 
control over rates, the only law that 
governs is the law of the jungle.” 


“We are perfectly willing to compete 
with all transportation companies on the 
basis of established public tariffs ... Even 
though our rates may at times be higher 
than others, we believe we can obtain a 
reasonable share of the business on the 
basis of speed, service or overall benefit 
to the Government. But the secretly nego- 
tiated discounts must first be eliminated.” 
The result of according special rates to the 
railroads was that private shippers and 
travellers were forced to pay higher 
charges to make good these losses. 


In conclusion the ATA President stressed 
the need for keeping all branches of the 
transportation industry in a healthy state. 
There must be “an awareness on the part 
of all Government agencies that robbing 
the Peter of aviation to pay the Paul of 
some other program will ultimately lead 
to airline bankruptcy.” 





Photo credits : Front cover : Samerjan, Washington ; 
p. 399: Interavia map; pp. 400-403: manufactu- 
rers; pp. 404-406: Air France; pp. 411-416: Inter- 
avia ; pp. 419-420: manufacturers : p. 421 : manu- 
facturers; pp. 422-423: author; pp. 424-425: 
manufacturers ; p. 426: manufacturers; pp. 431- 
433 : U.S.A.F. (4), manufacturers (4) ; pp. 434-435 : 
Port of New York Authority (4), Interavia (3) ; 
pp. 436-438 : author; pp. 439-441 : manufacturers ; 
pp. 442-443: U.S.A.F. (1), manufacturers (7) ; 
pp. 444-446: manufacturers ; p. 455: David Lang- 
don, London ; p. 457: manufacturers ; pp. 458-459 : 
manufacturers. 
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Pioneers in 


SECONDARY 
SURVEILLANCE RADAR 
with 

SIDELOBE SUPPRESSION 


Airborne Secondary Radar Transponders 

to U.S. AIRINC Specification 532B 
Complete Secondary Radar Ground 
Installations to latest /,C.A.O. Specification 
As Independent Systems 


or 
For Association with suitable existing 


Primary Radars 


 o= © =. S © Fe Radar & Electronics Limited 


me One of the Cossor Group of Companies 


COSSOR HOUSE - HIGHBURY GROVE - LONDON - N.5 
Telegrams : Cossor, Norphone, London. Telephone : CANonbury 1234 (33 lines). Cables : Cossor London. 








The General Motors Matched Power ‘Team 
of Allison Prop-Jet Engines 

and Aeroproducts Turbo-Propellers 

Brings Flight-Proved Jet-Age Power 

to Airlines of the World 

in The New Lockheed Electra 
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ELEVEN AIRLINES CHOOSE ALLISON PROP-JET POWER. The flexibility of Allison Prop-Jet 
power enables the Lockheed Electra to solve major problems facing the airline transportation industry— 
bringing jet-age speeds and comfort to medium- and short-range flights economically. These flights make 
up more than 90% of all air travel. The Electra, with its four Allison Prop-Jet engines and Aeroproducts 
Turbo-propellers developing a total of 15000 horsepower, can operate from existing airports quietly 
and efficiently under present air traffic control patterns. Electra purchases totaling $ 300000000 have 
been placed by 11 world airlines —a demonstration of their confidence in the ability of this luxurious 


airliner to fulfill its mission for air travelers everywhere. GM 
| GENERAL 


ALLISON DIVISION OF GENERAL MOTORS, Indianapolis, Indiana MOTORS | 
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YILLISON PROP-JET POWER 









FOR THE AIRLINE 


... Breater economy 


The increased accuracy of 
navigation which the AD 
2300 makes possible and the 
continuous flow of informa- 
tion which revealsinstantly 
the effect of weather 
changes on the courses and 
speeds made good, enable 
pilots to achieve optimum 
flight paths. Self-contained 
navigation maintains your 
flexibility in operation and 
helps you to operate regu- 
larly and economically. 
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AD 2300 
Marconi DOPPLER NAVIGATOR 


FOR THE CAPTAIN 


... Detter navigation 


The AD 2300 series provides 
automatically and without 
reference to ground based 
aids: (a) Positionin latitude 
and longitude. (b) Distance 
to go on a ‘leg’ or to desti- 
nation on a ‘great circle’ or 
rhumb line track. (c) Wind 
speed and direction. (d) 
Ground speed. (e) Drift an- 
gle. (f)Steeringinformation 
to Flight System or Auto- 
pilot to maintain the 
selected track. 








FOR THE CONTROLLER 





... Closer separation 


The AD 2300 assists the 
pilot accurately to main- 
tain his planned track. (The 
steering information can be 
fed directly into an Auto- 
pilot or flight system if re- 
quired). It also enables the 
navigator to give ATC pre- 
cise and reliable position 
reports andaccurate 
E.T.A.’s and to keep them 
under constant review. 








FOR THE PASSENGER 


... Detter service 


The advantages which the 
AD 2300 brings to the navi- 
gator, pilot and controller 
result in aircraft keeping 
more closely to their flight 
schedule and thus reducing 
frustrating and money 
wasting delays for the pas- 
senger, even when he is 
flying off the beaten track 
on routes where beacons 
and other ground based aids 
are few and far between. 


Marconi’s have been in quantity production with Doppler Navigators since 1954. 
Types AD 2000, 2100 are military types supplied to the R.A.F. and Commonwealth 
countries. The AD 2300 is the type designed specially for civil airlines. 


MARCONI 


AIRPORT AND AIRCRAFT RADIO AND RADAR SYSTEMS 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
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MAJOR INTERNATIONAL CARRIERS SELECT 


FOR JET-AGE LONG RANGE NAVIGATION 


LORAN has long been recognized as the reliable, highly accurate 
system of long range navigation. LORAN is already 

implemented and in service over North Atlantic 

and Pacific air routes, with immediate expansion planned 

to cover other important areas, too. 


Now, LORAN becomes an even more practical navigation system, 
with the development by Edo of a simplified, lightweight, 
pilot-operated unit. This compact equipment, 

weighing only 26 pounds installed, can be mounted in the cockpit. 
From it the pilot obtains directly read 

line-of-position information, without having 

to consult tables or make complicated calculations. 





Thoroughly tested in trans-oceanic operation, 

Edo LORAN has been ordered by Pan American World Airways, 
BOAC, Qantas and Cubana for installation in their 

upcoming fleets of Boeing and Douglas jet aircraft. 

Many other international carriers have also indicated their intention 
to use LORAN to assure precise, reliable long range navigation. 





EDO AIRBORNE LORAN, Model 345 


Control panel and 3-inch scope are mounted in 
cockpit for operation by pilot or co-pilot. Receiver 
(left) occupies 34 ATR rack. Installed weight of com- 
plete system is only 26 Ibs., and compact unit 
requires only a small fraction of space formerly 
required. Designed and manufactured by Edo, a 
major supplier of advanced electronic systems for 
the U.S. Navy - sonar, radar, ASW equipment. 


For the complete data on Edo Model 345 Airborne Loran, 
send for Technical Manual No. 501, Dept. X-6 


EDO Corporation 
College Point, Long Island, New York 


Manufacturers of a Trusted Line of Marine and Airborne Electronic Equipments 
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Infra-red Guided Weapon 


Seal 


latest 


Now in production and available, the 
de Havilland Firestreak can be fitted to 
any current or projected fighter and thus 
readily meets the important needs of 
N.A.T.O. standardisation. 


and most 


lethal 


DE HAVILLAND PROPELLERS LIMITED 
Head Office: HATFIELD, HERTFORDSHIRE, ENGLAND. Telephone: HATFIELD 2300 
PROPELLERS, GUIDED WEAPONS, AIR-CONDITIONING EQUIPMENT, ALTERNATORS 
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Firestreak has been chosen as the standard 
armament for the P.1, Javelin and Sea Vixen 
fighters; its proven accuracy, ensuring a 
high probability of target destruction at 
each firing, vastly increases the effectiveness 
of any defence system. 
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COMM UTATED An entirely revolutionary 
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method of RADIO 





DIRECTION FINDING. 


A \ / 
/ 2 \ ANTEN NA / The most notable advance 


in Direction Finding since 
D ) DIRECTI ON the introduction of the 
oe \ 








Adcock aerial in 1916. 











FINDING © 





and U.H.F. bands. 


@ Major reduction of site 
errors, up to ten times 
better than a conven- 
tional Adcock system. 


@ Interference elimina- 
ted by “capture effect”. 


Engineered for land or ship- 
borne use. 








Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.C.2 
RADIO DIVISION: OAKLEIGH ROAD - NEW SOUTHGATE 





- LONDON N.II 








Is your airline giving the 
traveler what he —_ 
really wants? 












What What Lockheed 
Travelers Want Electra Delivers 


Fast Flights —Electra/Flight gives your passengers quick 
1 Want to save time taxi and maneuver, swift take-off, fast climb... swifter in 
the air—saves time on the ground, too. 





More Flights Per Day—Because the Electra costs less to 
run, and gets around faster, it provides more flights to choose 
from . . . even to smaller cities. 


Ww i , 
y, a — — ” nave Close-To-Home Service—Electra can take a full pay- 
when | want to go load in and out of today’s close-in airports—which handle 


90 °/o of all traffic. This short-runway ability is proved in flight 
tests where Electra landings and take-offs are being made in 
less than 1,900 feet—without prop reverse or wheel brakes! 





Hate delays Less Time Waiting On The Ground—Passengers, bag- 

..- in starting off gage, food and fuel all load at the same time. Electra/Flights 

3 ...in refuelling at stops leave right from terminal, carry ample fuel for many stops. 
on the way Passengers can carry hand baggage on and off plane... no 


...in getting their luggage annoying waits. 





Lockheed Electra 


LOCKHEED AIRCRAFT CORPORATION + BURBANK, CALIFORNIA, USA 
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All-Weather Scheduling—To avoid weather delays, Elec- 


4 Hate “Weather Ahead” tra can take-off and fly at any altitude from 5,000 to 20,000 
delays feet with less than 1°/» variation in speed on a typical 400- 
mile flight. 





Four Dependable General Motors Allison Prop- 

, jets —Passengers like the feeling of security when the big 

5 Want safety, security props quickly “take hold” on a wave-off...or bring the Electra 
to a safe stop on a slick runway. 





Vibration-Free Flight — Quiet, no quiver—no shake. Pas- 
sengers will remember this about Electra/Flight. 


Want to relax in “Living Room” Comfort—Electra’s wide fuselage allows 

comfort, to arrive fresh new wider 20” seats... wider “room-to-pass” aisles. Large 
“picture windows” give a broad view. Radiant heated, fully 
pressurized air-conditioned cabin adds to passenger comfort. 
Interiors designed by Henry Dreyfuss. 


Electra/Flight gives the traveler exactly what he wants 





The finest short-to-medium haul turbine-age airliner ... designed to assure you of maximum 
return on every operating dollar. 

Purchased by: Aeronaves de Mexico - American Airlines - Ansett /Ana of Australia - Braniff Airways - Cathay- 
Pacific Airways - Eastern Air Lines - Garuda Indonesian Airways - KLM—Royal Dutch Airlines - National Air- 
lines - PSA—Pacific Southwest Airlines - Western Airlines 
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now available : 






category of 


RAODORSIL 


elaelate| 


STLICONES 


MOULDING 
POWDERS 


which ensure 
remarkable thermic | stabi- 
lity 
exceptional dielectric pro- 
perties 


excellent resistance to all 
forms of ageing 


RHONE-POULENC place at your disposal 
the whole range of their 


RHODORSIL 


brand 


LIC ONES 








@ mould removal agents 
@ clastomers 


laminating resins for glass/ 
silicone 
etc... 





RHONE-POULENC 


21, RUE JEAN GOUJON «* PARIS & 
TEL. : BAL. 22-94 
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AERO-TECHNIKA 4x5 in. (9x12 cm) 


The new camera for aerial photography 


Features : 
a bellowless construction, easy to operate, 
wit 
interchangeable nose piece with built-in filter 
holder, large collapsible frame finder system 
with double peep sight for normal, wide-angle 
and telephoto lenses, 4x 5 in. (9 x 12 cm) Linhof 
universal back for double plate/cut film holders, 
Kinematic magazine for ten 4x5 in. cut films, 
semi-automatic 24%4x3% in. (6x9 cm) or 
2%,x2%, in. (6x6 cm) Linhof Rollex roll film 
adapter for 8 or 12 exposures respectively. 
Two Anatomical Grips ensure rock-steady holding 
of the camera, even in open aircraft. 
Lenses : 
All of the following top grade lenses as well as 
the pertaining nose pieces can be exchanged within 
seconds. 
250 mm £/5.6 Zeiss Technika Sonnar in 
Compur shutter 1/400 sec., 
270 mm f/5.6 Rodenstock Technika Rotelar in 
Compur shutter 1/400 sec., 
135 mm f/3.5 Zeiss Technika Planar in 
Compur shutter 1/400 sec., 
180 mm f/5.6 Schneider Technika Symmar in 
Compur shutter 1/400 sec. and 
75 mm f/4.5 Zeiss Technika Biogon in 
Compur shutter 1/500 sec. 
On special request the Aero Technika may also 
be equipped with the self-capping Linhof focal 
plane shutter back. 
The Aero Technika is also suitable for long distance 
shots in sports and news photography. 
Please request detailed descriptive literature 
(Leaflet J/AT). 
LINHOF equipment have recently been awarded 
Gold Medals and the Grand Prix at the tri-annual 
exhibition in Milan. 


Lien heorf RX21SIONS.KAMERA.WERKE - MUNCHEN 
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More Westinghouse developments for the aviation industry 





New flashing lamps guide pilot to landing through snow or fog 


Flashing with the brilliance of lightning, a new Westing- 
house approach lighting system will help pilots to make 
safe bad-weather landings at several major U.S. airports. 
The system, which features a series of new condenser dis- 
charge lamps leading up to the runway, was recently ap- 
proved by both the U.S. Civil Aeronautics Administration 
and ICAO. 

In operation, the lamps flash one after the other, twice 
every second. This produces the effect of a moving arrow 
of light which guides the pilot to the runway. Despite the 


brightness of the flashes — enough to penetrate snow or 
fog — the pilot's eyes retain full light sensitivity since each 
flash lasts only 150-millionth of a second. 

This new system can supplement either the ALPA ATA 
or Calvert approach lighting configurations, for which 
Westinghouse also makes complete equipment. In fact, 
wherever planes fly today, Westinghouse aviation lighting 
equipment is on the job, backed up by Westinghouse 
radio control and power-distribution equipment. Write for 
“Booklet C1”’. 


If you'd like additional information on the developments shown here or help on specific lighting or electronic problems, 
write to Westinghouse, Box 345, Wall Street Station, New York 5, U.S.A. 






French fighter carries Westinghouse 
all-weather armament control system 


Latest aircraft to be equipped with a Westinghouse armament control 
system is the French Navy’s Aquillon fighter. In the advanced AN/APQ-65 
pilot-operated system, search-track radar finds the target and a computer 
automatically calculates the best attack course and firing data. 


The high accuracy and great range of Westinghouse air-borne fire con- 
trol systems have also earned them a job on aircraft of the British Royal Air 
Force and Royal Navy as well as the U.S. Navy. Other Westinghouse 
developments in this field include adaptations of the AN/APQ-65 for a 
variety of advanced weapons. In addition, extensive design and develop- 
ment work in Westinghouse laboratories is continually producing improve- 
ments in weapon control systems to match stiffening military requirements. 






YOU CAN BE 
SURE... 
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Westinghouse 
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NAPIER 
ELAND TURBO-PROP 
ENGINES 
POWER THE 
AIREY 
ROTODYNE 


~ WORLD'S FIRST 
VERTICAL TAKE-OFF 
AIRLINER 


A basic factor in the selection of these engines was their ability to provide power to the 
propellers for forward flight and compressed air to the rotor tip jet units for vertical flight. 











Agent : Société Worldmarket & Cie, 19, rue du 4-Septembre, Paris 2e Ld A Member of the English Electric Aviation Group 
Telephone : Richelieu 65-90 : 
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FOR GLIDER TOWING OR AEROBATICS 


choose the well-proved Czechoslovak 


Tuner 226 


aircraft—a two-seater low-wing monoplane with a fixed 
undercarriage, an air-cooled Walter-Minor 6-IIl engine, 
landing flaps and a tandem seat arrangement. 


Ask for a detailed offer containing further technical data 
about this highly appreciated Czechoslovak aircraft of 
the TRENER Z 226 type. 





OMNIPOL Ltd. - PRAHA 3 - WASHINGTONOVA 11 - CZECHOSLOVAKIA 
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To aircraft of all types, General Electric gas turbines mean... 


MORE POWER 
PER POUND OF ENGINE 


From the world’s first Mach 2 bomber to its most efficient helicopter, 
General Electric high power-to-weight, single-rotor engines set the standard... 
... for higher speeds. General Electric’s J79 powers the world’s fastest 
bomber, fastest operational fighter, and fastest turbojet missile. 

... for higher altitudes. The J79 powers the highest-flying operational 
aircraft in the world. 

... for greater efficiency. General Electric’s CJ-805 (commercial version 
of the J79) is world’s most economical jetliner engine ; J79 produces more 


thrust per pound than any other large engine now in production for military 
aircraft. U.S. helicopters and VTOL aircraft will soon capitalize on the 
4:1 power-weight ratio, low SFC of General Electric’s T58 for increased 
range, greater endurance, increased payload capacity. 

In designing future gas turbines for aircraft of the world, General Electric’s 
goal remains : More power per pound of engine. General Electric Company, 
1 rue du Temple, Geneva 1, Switzerland. 


Progress /s Our Most /mportant Product 





General Electric’s lightweight, Mach 
2 turbojet is in 15,000-lb-thrust- 
class ... features single-rotor con- 
struction... powers most advanced 
U.S. aircraft. 


General Electric’s 10,000-lb-thrust- 
class commercial turbojet is light, 
efficient, powerful... will soon 
power United States’ fastest jetliner. 


i 


G-E small turboshaft engine deliv- 
ers 1050 shp, weighs 267 lbs. with- 
out 75-lb reduction gear... ideal 
powerplant for helicopters and 
other VTOL aircraft. 


GENERAL @@ ELECTRIC 





So much original research work has been con- 
centrated on the design of the P.|. that it 

How , , ; 
is an enormous improvement on anything 


GOOD A WEAPON IS Britain has had before, and well in advance 
THE P.I. of any threat that might be made at present. 


Design starts from an attitude of mind 


ENGLISH ELECTRIC 


aircraft 


A MEMBER OF THE ENGLISH ELECTRIC AVIATION GROUP —— 











Saas February 1957 Scandinavian Airlines System has regularly been 
flying the Copenhagen—Anchorage, Alaska, great circle route non-stop on 
its services to and from the Far East, using Douglas DC-7Cs. Since April 
10th, 1958, the French national flag carrier Air France has also joined in 
the Arctic traffic to the Far East, flying Lockheed L-1649 Super Starliners 
which cover the 4,140 nautical mile non-stop stage from Paris to Anchorage 
in barely 17 flying hours. If the extra 13 hours for the Anchorage-Tokyo 
stage are added, it can be seen that the journey from Western Europe to 
Japan can be completed in little more than 30 hours and that a complete 
round-the-world trip by scheduled air services can be made in about 80 hours. 
Phileas Fogg, the hero of Jules Verne’s travel tale, took 80 days. 


Such is the position today. When the first Boeing 707 and Douglas DC-8 
intercontinental jet transports begin to come into service in a few months’ 
time, the globe will shrink still further. The examples covered in the map 
below reveal that all travel times will be cut by about fifty percent. At the 
same time the seating capacity per aircraft will be at least doubled, which 
means theoretically a four-fold increase in transport capacity. 


Even the optimists, however, do not expect more than about a doubling 
of annual transport performance in world air traffic (in ton-miles or passenger- 
miles) during the coming three years. The pessimists would be content with 
a less spectacular growth. Certainly nobody can doubt that the number of 
aircraft movements at all major airports will inevitably continue to rise. 
The jet-propelled boom in long-range traffic will also give a new lift to 
medium and short-stage traffic. It is hardly likely that a man who has 
travelled from Tokyo to Paris in roughly 30 flying hours will continue his 
journey to other business centres by rail. The same applies to the million 
passengers who cross the Atlantic by air each year. Air transport will go on 
getting denser and faster. 


Whether this traffic can also be handled with greater regularity and relia- 
bility than hitherto, or whether even the present regularity can be maintained, 
does not depend only on the manufacturers of aircraft and airborne equip- 
ment, or on the airlines and their crews. The major part of the responsibility 
is borne by governments, and the costs by the taxpayer. The ground organi- 
zation is still years, if not a full decade, behind aircraft developments. This 
applies not only to the inadequate state of most airports (of which no more 
will be said here), but above all to the pitiful position as regards the provi- 
sion of radio beacons and radar stations for short-distance navigation, the 
notorious deficiencies in the meteorological and communications services, 
and last but not least the inadequacies of air traffic control by the progress 
board method. 


The last I.C.A.O. regional conference for the Europe-Mediterranean area, 
in February 1958, called for the immediate installation of more than 300 
new VOR stations in the area. In the United States, where nearly 500 
VOR stations are in operation, it was calculated two years ago that another 
400 were needed urgently. The situation is but little better as regards civil 
radar stations, those practically indispensable aids to airways and approach 
control. These will become even more essential when traffic control is 
extended to the high-altitude airways for jet aircraft (above 21,000 ft.), as 
seems inevitable in the near future. The inadequacies of the weather service 
in the upper air layers, as well as for destination airports, are too well 
known to need more than mentioning here, and no more than a beginning 
has been made towards automation of the civil traffic control centres, des- 
pite the pioneering work of Hollandse Signaalapparaten and General Preci- 
sion Laboratory (see elsewhere in this issue) in this field. Finally the cover 
provided by radio aids to long-distance navigation is far from satisfactory. 
\part from a few Loran and Consol stations and a single Dectra airway 
(across the North Atlantic), the navigation maps are mostly virgin white 





Accurate Navigation, Strict Traffic Control 





over the oceans and the Arctic. So far only one experimental station has 
been built for the Navarho system (Federal Telecommunications) proposed 
for global use. 

In this situation it is understandable that the airlines should rely more and 
more on their own resources, at any rate where they are authorized to do 
so... namely en route. Even today practically all long-range aircraft and 
many medium-stage aircraft are equipped with airborne radar (by Bendix, 
Collins, RCA, Ekco, etc.), which enable the pilot to assess the weather 
situation for himself during flight and constitute a valuable additional navi- 
gation aid over coastal regions. In addition, a number of airlines appear to 
have decided to install Doppler radar in their costly jet aircraft. This equip- 
ment provides constant position finding by means of accurate dead reckon- 
ing and makes it possible to save time and money by exploiting favourable 
winds. Other aids to independent navigation, such as autopilots, ADF, 
automatically corrected precision gyroscopes, dead reckoning computers 
and special equipment for taking bearings on the sun and stars, need merely 
be mentioned in passing, as they are dealt with in greater detail elsewhere in 
this issue. 

All this equipment can compensate for many of the deficiencies in today’s 
ground organization, at any rate on long routes. In terminal areas, however, 
and for take-off and landing approach by long-range aircraft, the speedy 
handling of traffic will continue to depend, to an increasing extent, on the 
quality of the air traffic control service and its aids. Even the most accurate 
en route navigation is of only limited value without strict and efficient air 
traffic control. More surveillance radars, R/T D/F networks, automatic 
computers and storage systems for traffic information, a better Decca cover, 
etc. can provide some improvement. But when is secondary radar or the 
TACAN Date Link finally going to be introduced in practice? And what 
about the thorny problem of automatic collision warning by radar, infrared 
equipment or—perhaps—Geiger counter ? 

Interavia will return to the subject of air navigation and traffic control 
again and again until the air transport experts are finally satisfied with 
developments. But by all appearances it will be some time before this happy 
situation is achieved. The present issue contains articles by an electro-dyna- 
mics staff engineer of a jet transport manufacturing company and the chief 
navigator of a large airline. These are accompanied by reports on new air- 
borne and ground equipment designed to make air transport safer. Finally, 
readers will find a new edition, brought up to date, of the four-language 
“Short Guide to Radio Navigation and Air Traffic Control’’, first published 
in these pages ten years ago. Interim 


Round the world in 32 flying hours... by Boeing 707 or Douglas DC-8. 
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Navigator’s Aids in the Boeing '707 







By E. N. Sidor, Electro Dynamics Staff Engineer, Boeing Airplane Company, Transport Division, Seattle 


The problem of navigating aircraft over 
long stretches of water or over trackless 
wastes of land and ice is not a new challenge 
to the judgment, skill and accuracy of air navi- 
gators. The greater speed of the jet airliners, 
however, has introduced new factors into the 
problem of navigation. The increased cost of 
operation per minute of flight time requires 
accuracy of navigation to assure maximum 
earning power of the aircraft. 

Air navigation covers the period between 
the time the aircraft lifts its wheels off the 
ground until the time it touches down on the 
runway of its destination airport or the alter- 
nate to which it may be diverted. Communi- 
cations systems of course are also part of the 
navigation system and the reception of clear- 
ances and directives is a part of the process 
of air navigation. 

In this article will be discussed the basic 
instruments, communications provisions, in- 
flight navigation, and instruments approach 
aids involved in the navigation problem. Much 
of the equipment is familiar to navigators 
inasmuch as it has been in use for some time. 

* 

In the 707, the navigator’s position is on 
the left side of the aircraft aft of the captain’s 
and observer’s seats. The navigator’s instru- 
ments and work table face the port side. 
White lighting is provided for the table with 
white and red lighting illuminating the instru- 
ment panel. Located above the crew compart- 
ment on the top aircraft centerline convenient 


The first production Boeing 707-120 (for Pan American Airways) at Seattle’s Tacoma civil airport. 


to the navigator’s station is the fitting for the 
periscopic sextant. An adjustable platform is 
provided to bring the navigator and sextant 
into correct proximity. A blackout curtain 
blocks off the navigators’ light from other 
crew members during flight at night. A navi- 
gator’s cabinet is provided for maps, charts 
and spare gear. 

The choice of navigation equipment in 
Boeing jet airliners and the procedures fol- 
lowed in navigating the 600-mile-per-hour air- 
craft on long international and overwater 
flights are determined by the airlines. The 
scope of this discussion will be limited for 
that reason to the contribution Boeing Air- 
plane Company has made in designing the 
aircraft and its systems to accommodate 
various navigational systems and to evaluat- 
ing information regarding navigation aids the 
airlines have specified for their aircraft. 

Temperature and altitude indications will 
be important in determining the accuracy of 
speed indications and determining drift. Most 
airlines that have purchased Boeing 707s have 
selected an air speed indicator incorporating 
a special additional hand which indicates 
limiting airspeed at any altitude, whether 
such limit be fixed by indicated airspeed or 
Mach number. Boeing 707s of several airlines 
will be equipped with instruments which will 
incorporate a local angle of attack indication 
as well as airspeed. Also most purchasers are 
specifying automatic computation true air- 
speed indicators. 


In addition to the normal altimeters instal- 
led at pilot, co-pilot and navigator station, 
some 707s incorporate an absolute altimeter, 
such as a radio altimeter, useful in pressure 
pattern flying. Outside air temperature meas- 
urements will be made in flight with flush- 
mounted resistance thermometers. At least 
one airline, however, has specified the installa- 
tion of external probe thermometers which 
respond quickly to temperature changes. 
These thermometers will be useful in navi- 
gating jet streams which, in general, are colder 
along their northern edge and warmer along 
their southern edge than at the core. 

Most of the airlines which will operate 
Boeing 707 Intercontinentals over water have 
specified that the Boeing Airplane Company 
Transport Division make provisions for the 
installation of dual Doppler navigation system. 
The provisions include a cavity forward of the 
nosewheel of sufficient size to contain two 
antennas and a radome. Doppler systems 
automatically determine groundspeed and 
drift angle by measuring the Doppler shift 
of radio frequency signals reflected off 
ground or water. It is generally accepted that 
Doppler navigation systems will become 
primary navigation equipment after sufficient 
use has been made of them to verify their 
characteristics in actual day-to-day airline 
service. 

On the Boeing 707s equipped to carry 
navigators, headings will be determined 
either by the Sperry C-]1 compass which is 
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an advanced gyrosyn with low random-drift 
characteristics, or by the Bendix Polar Path 
compass. Both are designed to be useful at 
high latitudes where normal magnetic com- 
passes cannot be trusted, as well as at lower 
latitudes. 

Long-range navigation systems include 
Loran and Doppler radar, with the possi- 
bility that Dectra, Consol or Navarho could be 
used. Receivers for Loran, the well-proved 
long-range navigation aid covering the north 
Atlantic and north and central Pacific, will 
either be installed, or provisions will be made 
for installation of them in all Boeing jet air- 
liners that will operate in those areas. Auto- 
matic Direction Finding equipment (ADF) 
found on all Boeing jet airliners, can be used 
for Consol signal reception. 

Automatic Direction Finders present rela- 
tive bearing to transmitters within the fre- 
quency range of 100 to 1,750 kilocycles. Some 
airlines are requesting that the high frequency 
communications transmitters in their Boeing 
707s be modified to allow transmission 
below 1,750 kilocycles, thus allowing other 
aircraft equipped with ADF to take 




























Cockpit of the Boeing 707: below the four sets of engine instruments is the weather radar scope, flanked by controls 
for radio communications and radio navigation aids. Flight test instrumentation, which naturally will not figure in 
the production model, is at the centre of the windshield and on the pilot’s control column. 





Edo Airborne Loran Equipment 


The Loran long-range navigation system is a 
hyperbolic system working on pulse-modulated 
MF waves. Aboard the aircraft the time of arrival 
of the pulses from two widely spaced, synchron- 
ized transmitters of a chain is compared on a 
cathode ray scope. Each difference in time corre- 
sponds to the arm of a hyperbola. The aircraft's 
position is at the intersection of two hyperbolae. 
This reliable navigation aid has proved of particu- 
lar value over the Atlantic and the Pacific. 


In designing the airborne Loran equipment 
shown here, Edo Corporation aimed at providing 
a space-saving set of instruments easily operated 
by the pilot. The use of miniaturized circuits has 
led to a very compact and lightweight (total 








weight 26 Ib.) equipment, whose cathode ray tube 
(3-inch square scope) and control unit (5°/s4 x 4% 
x 4% ins.) are mounted within reach of the pilot. 
Because it is simple to operate and provides 
direct reading, it enables the pilot to determine 
his exact position in the shortest possible time. 

A number of airlines have submitted the new 
airborne Loran equipment to intensive testing in 
their piston-engine aircraft, over the Atlantic and 
the Pacific, and Pan American World Airways, 
Qantas Empire Airways, British Overseas Air- 
ways Corporation and Compajfiia Cubana de 
Aviacién have ordered the Edo Loran set of 
instruments for installation in their long-range 
turbine-powered aircraft. 






































Components of the Bendix Polar Path compass: left to 
right, controller, compass coupler (to coordinate electric 
signals from the Flux Gate transmitter, directional gyro 
and console controller), indicator, Flux Gate transmitter 
(foreground) and directional gyro transmitter. 


bearings in them or to home on. The value 
of such an arrangement in an emergency is 
apparent. 

Most airlines which will operate on long 
overwater or overland routes sparsely equip- 
ped with navigation aids have specified that 
their aircraft be equipped with Kollsman pen- 
dulous-mirror periscopic sextants for celestial 
navigation. In the Kollsman sextant, after ap- 
propriate settings have been made and a selec- 
ted celestial body has been sighted, the heading 
is projected optically into the eyepiece. The 
navigator then has obtained not only the 
altitude of the body for the purpose of deter- 
mining a position line, but also the direction 
in which the aircraft is heading, in the same 
way that he would from an astro compass. 

For some airlines Distance Measuring 
Equipment (DME) will be installed. Require- 
ments for this equipment vary according to 
the routes flown. Complete dual installations 
have been specified mainly by airlines which 
will fly into the United States, where DME 
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A new electronic air navigation system called 
RADAN (Radar Doppler Automatic Navigator) 
developed and manufactured by General Precision 
Laboratory, of Pleasantville, New York, is being 
evaluated by Pan American World Airways (in a 
DC-7C) in conjunction with the Air Transport 
Association and the U.S. Air Force. All 44 jet 
transports—Boeing 707s and Douglas DC-8s— 
ordered by P.A.A. are to be fitted with the new 
device. The P.A.A. DC-7C used in the trials is 
the first civil aircraft to have flown regularly with the 
equipment on scheduled passenger services. On 
the total of 18 trans-Atlantic crossings so far made 
the device, which operates entirely without referen- 


The rotating RADAN antenna array and receiver- 
transmitter unit under the right wing of a DC-7C. 














The instrument panel of P.A.A.’s DC-7C showing (outlined) the RADAN instruments for true course, 
ground speed, drift angle and distance travelled. The control panel is in the upper box. 


Doppler Navigation over the Atlantic 


ce to ground aids, has proved extremely accurate. 

Four radar beams are transmitted from the 
RADAN antenna towards the ground, two of 
them diagonally forwards and the other two diago- 
nally rearwards. The frequency shift in the echoes 
caused by the Doppler effect enables ground speed 
and drift to be determined. These values, together 
with the aircraft heading, are fed into a computer, 
which works out ground track, position, distance 
covered and distance to go, etc. and displays this 
information on indicators. The computer also 
supplies a reference signal to enable a given track 
to be made good. This is displayed on a right/left 
indicator or fed to the auto pilot. 


Characteristics of the RADAN system 
for civil aircraft (Type PC-221 A) 


- Speed limits: 70 to 1,000 knots ground speed, 

with an accuracy of better than 1°%/o or 5 knots; 

Drift limits: 35° maximum, left or right, with an 

accuracy of better than 0.5°; 

Altitude limits: less than 200 ft. to more than 

70,000 ft.; 

Temperature limits: —55° to +55°C (antenna- 

receiver-transmitter to + 71°C); 

Power required: 400 watts, 380—420 c/s, 115 volts 

AC; 

20 watts, 28 volts DC; 

- Cooling air required: approx. 3 Ib./min.; 

Total weight 89 Ib.; 

- Total volume: 4.4 cu. ft.; 

- Pitch stability: + 10°; 

- Transmitter frequency: 8,800 Mc/s +30 Mc/s, 

fixed tuned; 

Propagation angle: 68° from longitudinal axis 

of antenna; 

- Average power output: 10 watts; 

- Calibration constant: 22.3 c/s per knot; 

- Pulse repetition frequency: varied from 55 to 
200 kc/s; 

- Pulse width: varied from1.3to 4.5 microseconds. 
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systems operating in the 1,000-megacycle band 
are in existence. 

Weather radar will be installed in all 
Boeing jets ordered so far. The indicator and 
controls will be housed in a sloping panel 
located below the engine instruments in the 
center of the instrument panel (see picture). 
Most of the radar systems will operate on the 
5.6 cm wavelength recommended by Aero- 
nautical Radio Inc., although a few airlines 
have specified a 3-cm system which will meet 
their special operational requirements. All 
radar systems have tilt control over ranges 
from plus 10 to 15° to minus 10 to 15°. 

Provision for two identification systems 
will be made in a number of Boeing jet air- 
liners. One system is the /dentification Friend 
or Foe (1FF), which is required by U.S. air- 
lines participating in the Civilian Reserve Air 
Fleet program. These aircraft are fitted with 
cables and antenna mounting provisions so 
that the IFF system can be activated by 
merely placing the equipment in the radio 
rack and mounting an antenna in place of a 
coverplate. 

The second identification equipment is the 
Air Traffic Control transponder to be carried 
on most aircraft. It will respond to ground 
surveillance radar systems and give the ground 
operators positive identification of the targets 
in their radar screens. 

By means of the Automatic Flight Control 
System, the aircraft will be kept steadily on 
the selected course and the correct altitude. 
With this system, a high degree of yaw-roll 
stability during normal flight is assured by 
automatic positioning of the rudder. When 
the aircraft is at cruising altitude, the auto- 
matic flight control system will hold the alti- 
tude to within plus or minus 50 feet. Climb or 
descent attitude can be adjusted and held to 
within one-quarter of a degree. Automatically 
coordinated turns can be set by rotating a 
knob; if desired, a constant altitude can be 
maintained during the maneuver. The system 
will also hold a heading to within plus or 
minus one degree and, after the selection and 
pre-setting of a heading, will carry out the 
turn and return to straight and level flight. 

For operation on VHF _ omnirange 
(VOR), the automatic flight control system 


Main Doppler radar indicator for drift (top) and ground 
speed (window). 
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\ll antennas on the Boeing 707 are low-drag type or are flush with the aircraft skin. 


\ two ADF loop antennas 
B two ADF sense antennas 
C Loran antenna 

ID HF antenna probe I 
i HF receiving antenna J 
KF Marker beacon antenna K 


antennas 


will automatically bracket and hold a 
selected bearing until a new radial is selected 
or the operation is discontinued. 


The Boeing jet airliners will be equipped 
with an /nstrument Landing System, com- 
prising localizer, glide slope and marker- 
beacon facilities. The automatic flight control 
system can be coupled with the ILS for an 
automatic approach. As the aircraft is 
brought into the control zone, approach 


G — VOR antenna 
H — two VHF communications 


Glide slope antenna N - 
Radar altimeter antenna 
DME antennas 


L — IFF transponder antenna 
provision 

M — ATC transponder antenna 

Weather radar antenna 

O — Doppler antenna provisions 


clearances are received, and the pilot sets up 
the ILS radio frequency and the runway 
heading on the controls of the automatic 
flight control system. With the system engaged, 
and the automatic glide slope control 
selected, the aircraft is brought onto the 
approach course and down the proper glide 
slope toward the correct point to touch down. 
OK 

Throughout the flight the communications 

system will be in use. 


Clearances and air traffic and ground 
control instructions are obtained through 
short-range dual Very High Frequency 
(VHF) - equipment. For the _ long-range 
overwater flights, communication is provided 
by dual high-frequency installation, with two 
antenna configurations available. In one 
configuration simultaneous reception of the 
dual system is accomplished by employing 
two antennas, a probe on top of the vertical 
fin, and a receive-only cap antenna on the 
vertical fin-tip radome. The probe in this 
configuration is shared by both systems for 
radio transmissions, hence simultaneous trans- 
mission is not possible. In the other configu- 
ration, a completely dual system utilizes two 
probe antennas, one on the vertical fin tip 
and the other on the starboard wing tip. 

All voice communications to and from the 
aircraft are routed through the interphone 
system, from which any one of four radio 
transmitters and ten radio receivers can be 
selected. A service interphone system connects 
the cockpit with personnel during starting, 
and with cabin attendants during. flight. 
Passenger address system loudspeakers are 
installed in overhead passenger service units 
at alternating rows of seats. In some 707s, 
provisions have been made for the installation 
of tape reproducers for music and for pro- 
grammed announcements. 





Antennas for the High-Speed Douglas DC-8 


Oho of the difficult problems in aircraft electronics is that of antenna 
design. The faster the aircraft, the greater the aerodynamic drag of the 
antenna mast and wire antenna. The problem therefore is to find the best 
compromise between opposing requirements: optimum antenna radiation 
pattern and lowest possible air friction of the antenna; minimum aero- 
dynamic drag and minimum weight. * 

After several years devoted to research into these requirements, Douglas 
Aircraft Company has decided to equip the DC-8 with the stub antenna, 
shown on the right, for VHF communications, and with the tail cap 
antenna, shown on the left, for HF communications. 


* Cf. Interavia No. 10, 1956: ‘Electronic Problems Encountered in High-Speed 
Commercial Jet Aircraft,’’ by R. H. Jerome, Douglas Aircraft Company. 






© Arutenua Couplers 
© Lightning Arnrester 











The VHF antenna weighs 3 lb. and has a thickness ratio of 8 percent, 
which gives an extremely favourable drag figure of approx. 0.85 at the 
DC-8’s cruising Mach number. 

The HF tail cap antenna is a flush antenna of a type which has already 
been used successfully on several Douglas military aircraft. It consists of the 
electrically isolated tip of the vertical tail plus two couplers and matching 
members (1) and a lightning arrestor (2). Epoxy fibreglass laminates are 
used for insulation purposes. 

Compared with conventional wire, probe or buried antennas, the tail- 
cap antenna has the following advantages: no additional aerodynamic drag, 
more favourable radiation pattern, reduced sensitivity to lightning, higher 
efficiency. 





INTERAVIA No. 5/1958 403 



















f 


Air Navigation 





"eee: 


Te first flight across the Arctic ice wastes was 
made in 1897, but this type of exploit was not 
repeated for several years. Today, it can no longer 
be called an exploit: the Arctic is flown over daily, 
not only by large numbers of military aircraft 
(because of the strategic interest of this region) 
but also by commercial airliners operating sche- 
duled services loosely described as polar. This 
popular advertising catchword, which may cause 
some surprise when it is realized how far from the 
Pole some of these routes are, merely indicates 
that the services cover at least part of the Arctic 
icecap, which, we remember from our schooldays, 
is contained within the Arctic Circle and conse- 
quently experiences every year a polar night 
lasting from twenty-four hours at the minimum to 
six months at the maximum. 

Accounts, often written in dramatic terms, of 
the exploration of the Arctic whether by ship and 
sled or by aircraft give the impression of a hostile 
region which can be penetrated only by specially 
equipped expeditions. Despite the progress made 
in this direction, surface travel still bristles with 
difficulties, and the very special cruises carried 
out beneath the icecap by the atomic submarine 
are a novelty that should merely be mentioned in 
passing. 

When it comes to flying over the Arctic regions 
conditions are quite different. On the one hand 
modern aircraft can fly at very high altitudes, and 
their air conditioning systems protect passengers 
from the cold, which incidentally at these altitudes 
is not restricted to polar regions. Also these air- 
craft can fly several thousand miles without inter- 
mediate landing, thus avoiding contact with 
inhospitable regions. 

Does this mean that polar flying is no different 
from standard flying? Not entirely, since there 
are still certain special difficulties to be overcome 
in polar regions. 


Polar Navigation 


By Paul Comet, Inspecteur-Navigateur, Air France, Paris 


The first of these difficulties arises from the 
proximity of the geographic North Pole. When 
an aircraft passes near the pole where all meri- 
dians converge, its true heading—the angle which 
its great circle trajectory makes with the local 
meridian—varies very rapidly, with consequent 
inconvenience. This difficulty can be overcome 
quite easily, as the local meridian is a purely con- 
ventional direction reference, like the pole when 
considered from the same point of view. All that 
is necessary, therefore, is to move the latter, com- 
plete with its system of meridians, to a place 
where it causes the least inconvenience, namely 
the Equator. This gives the optimum condition of 
parallel meridians in the polar region. This system 
of parallels is known as a grid, and the method of 
navigation which uses it as grid navigation. The 
method was not invented until 1941, though in all 
fairness to earlier polar flyers who preferred to 
navigate by the sun rather than by the meridians, 
it must be admitted that, as will be seen later, they 
in fact used the grid navigation system before it 
was Officially named. 

The source of the second difficulty is the vicinity 
of the magnetic pole. Unfortunately this pole is a 
physical reality and cannot be ignored like the 
geographical pole. Situated on Prince of Wales 
Land, the magnetic north pole is the point at 
which the earth’s magnetic field becomes vertical. 
Thus the aircraft’s compass, whose task is to 
detect the horizontal component of this field to 
provide the navigator with the indispensable 
directional guidance, no longer gives any useful 
indication, since the horizontal component either 
disappears entirely or, over a wide area around 
the magnetic pole, becomes too weak for reliable 
detection. The needle of the magnetic compass 
either follows changes in the aircraft’s heading or 
begins to turn constantly under the influence of 
dominant disturbing accelerations. In both cases 


use must be made of some other reference equip- 
ment which can be carried in the aircraft. 


One such instrument is the gyroscope. As is 
known, the axis of the gyroscope maintains a 
fixed direction in sidereal space. When placed in 
the horizon of the observer this axis appears to 
turn in the opposite direction to the earth’s rota- 
tion, at the rate of one revolution every twenty- 
four hours if the observer is at the pole, and 
would remain fixed in relation to the earth if the 
observer were at the equator. The speed of this 
apparent rotation, known as diurnal precession, 
thus decreases (with the sine of the latitude) as 
distance from the pole increases and finally 
becomes zero at the equator.* The diurnal pre- 
cession, which is a function of latitude, is thus 
known and can be cancelled out by a mechanical 
precession corrector. This gives the navigator 
the required reference system, which is fixed in 
relation to the earth. Actually this aid has not 
been available to him for very long, since the fore- 
going applies only to a perfect gyroscope, namely 
one which is perfectly balanced. Such an instru- 
ment is so difficult to construct that it is only a few 
years since a gyroscope with almost perfect 
balance has been produced. It is known as the 
Polar Path compass, and navigation with its aid 
as free-gyro navigation. 


All that still needs to be known is the angle 
between the gyro axis and the grid. The navigator 
obtains this easily by observing a star, whose grid 
azimuth can be calculated by a conventional navi- 
gational formula. The first polar flyers flew only 


* It will be recalled that Foucault’s pendulum, which 
obeyed the same precession law as the gyroscope, 
described a full circle under the dome of the Pantheon, 
Paris, in 32 hours. Hourly precession was thus approx. 
11.3 degrees, or 15 degrees times the sine of the latitude 
of Paris (roughly 49°). 


Immediately in front of the control column in this Lockheed L-1649 Super Starliner (F-BHBR) is the repeater for one of the Polar Path compasses. It also carries pointers for the 
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VOR receiver and the ADF system. Above the instrument is the airspeed indicator (with Mach number needle), to its right the blind flying instruments. 
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by day and used the sun as continuous reference, 
with the aid of a solar compass. An alidade, 
driven by a clockwork mechanism, followed the 
sun in its course above the horizon in such a way 
that, for a given initial alignment and continuous 
sighting, the axis of the aircraft maintained a 
fixed direction in relation to the earth. This, as 
indicated above, resulted in a navigation system 
similar to today’s grid navigation. 


As for the gyroscope, the setting of its axis 
must be checked from time to time so that any 
drift caused by accidental precession due to slight 
imperfections in balance can be corrected. Thus 
an aircraft held to a constant gyro heading main- 
tains a fixed direction in relation to the earth, and 
is kept in a plane passing through the earth’s 
centre, i.e., on a great circle. For this reason 
some writers on polar navigation advocate the 
use of charts with gnomonic projection, one of 
the oldest types of projection known. The advan- 
tage is that the course to be followed is marked 
on the chart in the form of a straight line or 
segments of straight lines. Unfortunately how- 
ever, this projection distorts the angles, which the 
navigator constantly uses, and does not provide 
facilities for measuring distances. Despite the 
addition of an ingenious computer designed to 
overcome these disadvantages, the navigator 
always prefers a chart with a conformal projec- 
tion which preserves angular values; such charts 
moreover distort distances only to an extent 
governed by a simple law. There are several pro- 
jections which meet these requirements. Each 
represents the great circle by a wide radius curve, 
whose curvature can be calculated by the navi- 
gator. He thus knows the slight angular variation 























The navigator shooting the invisible sun by means of 
the polarization sky compass. 


in the route grid which this curvature would pro- 
voke and can correct its effect with the aid of the 
precession corrector, to enable the aircraft to 
follow the straight line marked on the chart. 


The third difficulty arises from the length of the 
polar twilight due to the reduction in the angle 
between the sun’s apparent trajectory and the 
horizon as latitude increases. In the Arctic, 
twilight at a given point can last anywhere from 
several hours to several days. Aboard the aircraft, 
twilight can last several hours, depending on 
route. During this period the navigator cannot 
use celestial reference points, since the sun is 
below the horizon, and the stars are not yet 
visible. In some cases, but by no means always, 
the moon or some of the planets may be visible. 
The result is inability to check the gyro, which can 





Random Drift 
One Tenth of a 
per Hour 


Degree 





The Sperry Gyroscope Company, of Great Neck, N.Y., has 








recently revealed details of a hitherto secret development which will 
reduce the random drift of gyroscopes used for navigation and 
stabilization purposes to a fraction of present values. The new 
system is known as “‘Rotorace”’ and is based on the use of con- 
stantly rotating ball bearings in the gimbals on which the gyro is 
mounted. 

The accompanying sketch shows how the principle works. 
Electric motor A drives gear B to rotate the right-hand bearing race, 
e.g., counter-clockwise. Meanwhile race E of the left-hand bearing 
rotates in the clockwise direction. Mechanism F reverses the 
direction of rotation at predetermined intervals. This controlled 
spinning of the bearings cancels out friction, averages out the 
errors caused by minute irregularities found in even the finest ball 
bearings, and improves reliability, ruggedness and durability. 
Random drift rates can be cut to 0.1 degree per hour, which means 
that a missile of 150 miles range will be able to hit its target with a 
probable error of under 23 yards. The new gyro systems are not 
only applicable to military tasks, but are in volume production for 
the high-precision compass systems in the Douglas DC-8 and 
Boeing 707 jet transports (picture). 
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lead to anxious moments. However, it looks as if 
the handicaps of the polar twilight have been 
exaggerated. Firstly the duration of twilight 
decreases with altitude, and secondly the stability 
of modern aircraft is such that more careful 
search can be made for stars by means of a special 
sextant, and it would seem that stars of the first 
magnitude can be observed during twilight. In 
any case the navigator is no longer entirely help- 
less when the sun is below the horizon, since with 
the aid of a polarization sky compass he can now 
shoot the sun when invisible. The sun’s light is 
polarized by the atmosphere, and the compass, 
which is equipped with a polarization analyser, 
enables this polarization to be located and hence 
the sun’s azimuth to be determined. 


x 


These, then, are the main difficulties encoun- 
tered in polar air navigation. Needless to say, all 
the other normal methods of navigation are also 
applicable here, though radio-electric aids, being 
few and of low power in these regions, are of 
limited assistance. There is no Loran cover of the 
Arctic, and the methods most frequently used for 
obtaining fixes are those of celestial navigation. 
In addition, navigation by means of radio alti- 
meter can also be practised, even above the 
packice, and panoramic radar will at times be of 
real assistance since it normally presents a good 
picture of coastlines. The latter aid must, how- 
ever, be used with care, so as not to confuse land 
and ice. 

So far no mention has been made of meteorolo- 
gical conditions, which play a big part in air navi- 
gation. Generally speaking, the weather at alti- 
tude is probably better on an average above the 
Arctic than above temperate or tropical regions. 
However, navigators must be prepared to find 
that cloud extends right up to flying altitude, 
particularly in the autumn. The loss of astrono- 
mic observations under these conditions may set 
the navigator certain problems, but it is in situa- 
tions such as these that the art of navigation 
comes into its own. 

* 


Air France inaugurated its Paris-Tokyo polar 
route in April. The aircraft used are Lockheed 
L-1649s, whose range is sufficient to operate the 
service with a single call at Anchorage, Alaska. 
For the Paris-Anchorage stage of more than 
4,700 miles, which covers both temperate and 
polar regions, a special route chart, based on the 
Gauss projection, has been prepared by Air 
France, to permit uniform grid navigation over 
the whole route. The aircraft are equipped with 
two Polar Path compasses, and the crews have 
been trained in free-gyro navigation on the North 
Atlantic route. The weather radar carried is 
capable of giving a panoramic picture of the 
regions flown over, and the normal navigation 
equipment has been supplemented by a polariza- 
tion sky compass. Regular services will be 
operated by the minimum time method, which is 
particularly valuable on long runs. This method 
has been in use for some long time on the North 
Atlantic. In some cases the aircraft will fly over 
the north pole and in others over the inaccessible 
pole, the centre of the vast packice covering the 
Arctic Ocean. 

Thus passengers will be able to observe, in all 
comfort, the strange mirages of these icy wastes 
or the resplendent aurora borealis above them, 
those unrivalled spectacles which the early 
explorers could contemplate only at the cost of 
protracted hardship if not of their very lives. 


THE 
LATEST 
NEWS 


One of the world’s most modern high performance air-to-air 
guided missiles, the SPARROW II, is going into production 
at Canadair for the Air Defence Command of the Royal 


Canadian Air Force. 


The SPARROW II is rocket powered, flies at several times 
the speed of sound, and employs a completely self-contained 
radar seeking system. Its combination of speed, 
manoeuverability, and accuracy ranks it a match for any 


present manned operational aircraft. 


Canadair as co-ordinating contractor, has overall 
responsibility for manufacture, assembly and flight testing. 
In producing the SPARROW II’s Canadair will work in 
close collaboration with Canadian Westinghouse Company 
Limited as associate contractor, and with the R.C.A.F. and 
the Department of Defence Production, as well as with the 


original designer of the missile, Douglas Aircraft Company Inc. 


This trust has been placed with Canadair because of the 
company’s extensive experience in guided missile development 


and its long record in advanced aircraft systems engineering. 
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In today’s air-minded world the problem of communi- 

BENDIX — cation between aircraft and ground installations has 
multiplied tremendously. In an era of overcrowded 
airlanes and long flights through all kinds of weather, 
a pilot’s ability to communicate instantly and clearly 
with informed, trained ground personnel can save a 
plane, a cargo, a hundred lives. 


Bendix—the number one name in aviation com- 
munications—has become a synonym for reliability 
the world over. If you have a communications problem 
or simply seek additional information, we’d like to tell 
you about Bendix communications equipment. 


COMMUNICATION RADIO COMMUNICATION SYSTEMS VHF GROUND DIRECTION FINDERS 
RADAR AUTOMATIC RADIO COMPASS RADAR ANTENNAS (AIRBORNE AND GROUND) 
RADIO TRANSMITTERS VHF OMNI-DIRECTIONAL RANGE EQUIPMENT MICRO-WAVE EQUIPMENT 
DISTANC RIN IPMENT 
RADIO RECEIVERS : ype — BRAKES, LININGS AND LANDING GEAR 
LANDING GEAR 
nae ae oreo MARKER BEACON RECEIVERS BRAKE LINING 
AIRCRAFT INTERPHONE SYSTEMS AIRCRAFT ANTENNAS 


CERAMETALLIC* LINING FOR BRAKES 


AMSPEAKER—PILOT LOUDSPEAKER VHF TRANSMITTERS AND RECEIVERS AND CLUTCHES 
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ni- From the moment a plane touches down until it 1s 
1as BENDIX — airborne again, its safety depends upon the perfect 
ed coordination of every element of its landing gear 
er, system. It is vital that all components of that system 
‘ly work together with unfailing accuracy and precision. 
a So, common sense suggests that when you think of 


landing gear you think of Bendix, specialists in com- 
plete, integrated landing gear systems. Components 


n- designed and engineered to work together are more 
ty reliable than any arbitrarily assembled system. When 
m purchasing landing gear, be sure you investigate com- 
el] plete landing gear systems by Bendix. We will give 


prompt attention to your inquiries. 


HYDRAULIC ACTUATING CYLINDERS 
POWER BRAKE VALVES 

SHOCK-ABSORBING STRUTS 

SHOE AND SEGMENTED ROTOR TYPE BRAKES Division of Bendix Aviation Corporation, 205 E. 42nd St., New York 17, N. Y. 
U. S. A., Cable “Bendixint", N. Y. 
WHEELS 

MASTER CYLINDERS 

HYDRAULIC BRAKE CONTROL VALVES *REGISTERED TRADEMARK BENDIX AVIATION CORPORATION 








U nerrine, ARROW-STRAIGHT NAVIGATION OVER OCEAN, JUNGLE, ARCTIC 
WASTES, THROUGH STORMS—THE R-THETA NAVIGATIONAL COMPUTER SYSTEM 
GIVES PIN-POINT TRACKING TO BOTH COMMERCIAL AND MILITARY AIRCRAFT. 
NOW IN FULL-SCALE QUANTITY PRODUCTION FOR THE ROYAL CANADIAN AIR FORCE, 
R-THETA UNITS ARE AVAILABLE FOR EVALUATION BY ALLIED GOVERNMENTS 
AND BY WORLD AIRLINE COMPANIES 





For further information please write 






Canadian Applied Research Limited 
(formerly PSC Applied Research Limited) 
1500 O'CONNOR DRIVE 

TORONTO 16, ONTARIO, CANADA 
PLYMOUTH 5-3371 





Navigate from base, navigate to destination, intercept other 
aircraft, compute mathematical problems while the ‘‘memo- 
ry’’ continues to record navigational information—the R- 
Theta System provides more for its size and weight than : 
any other self-contained navigation computer in the world. Member: A. V. Roe Canada Limited & Hawker Siddeley Group 











A Short Guide 





to Radio Navigation and Air Traffic Control 


The rapid and highly complex development of 
radio navigation and air traffic control during 
recent years has brought with it a wealth of new 
words and expressions which in many cases have 
not yet found their way into any dictionary. Added 
to these are the abbreviations, which make the 
whole subject into a closed book for the unini- 
tiated. 


It is therefore high time that the “Short Guide to 
Radio Aids to Navigation” published in Interavia 
Nos. 11 and 12, 1948, should be brought up to date. 


Radio waves 


The basis of all radio aids is of course the elec- 
tromagnetic or radio wave, which is propagated 
in space at the speed of light (300,000,000 metres/ 
sec). 


Radio waves are divided into frequency or wave 
bands (Table 1) according to the number of oscilla- 
tions per second, or frequency, which is measured 
in thousands or millions of cycles per second, i. e., 
in kc/s or Mc/s. The wavelength in metres is 
obtained by dividing speed of propagation by 
frequency. 


Types of transmission 


To make use of the good qualities of high fre- 
quency electromagnetic waves for radio communi- 
cations, modulation is employed; i. e. a high fre- 
quency oscillation (carrier wave) is modified by 
the (generally low frequency) signal oscillation. 
Modulation can be of three kinds, depending on 
the characteristic values of the carrier wave which 
are modified: amplitude modulation (fig. 1), fre- 
quency modulation (fig. 2) or phase modulation 
(fig. 3). Frequency and phase modulation present 
certain similarities and therefore cannot always 
be strictly distinguished. 


Of late growing importance has been attached 
to pulse modulation, which makes use of the fact 
that the content of a message can also be retained 
if a sufficient number of short sections of it are 
transmitted at regular intervals. Each pulse pro- 
duces a “picture” of similar shape, e. g., rectan- 
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amplitude modulation (fig. 4), pulse width modula- 
tion, pulse phase modulation, pulse frequency 
modulation or pulse code modulation. 


Carrier waves are produced in transmitters, 
modulated with the message and transmitted by 
antennas of many different kinds; such trans- 
missions can be non-directional, directional or in 
the form of rotating beams. The waves are then 
received directionally or non-directionally by 
antennas and transformed by receivers into optical 
and/or acoustic signals. They can be deflected or 
reflected by obstructions and then return to the 
point of origin. These properties of reflection are 
used in radar, to measure distances and fix posi- 
tions. Radar uses either frequency-modulated 
undamped waves (e. g., in determining altitude by 








Fig. 3 
f(t) 





Fig. 4 
f(t) 
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means of a radio altimeter) or waves with brief 
periodical amplitude modulation, when periodic 
pulses lasting millionths of a second are trans- 
mitted, followed by pauses of 0.5 to 2 thousandths 
of a second. In the former case distance is mea- 
sured by comparing frequencies, in the latter by 
measuring thetime elapsing between transmission 
of the pulse and reception of its echo. 


The various types of modulation and of trans- 
mission are listed in Table 2, under the following 
headings: 


A Amplitude modulation 
Modulation d'amplitude 
Modulacién de amplitud 
Amplitudenmodulation 


F Frequency (or phase) modulation 
Modulation de fréquence (ou de phase) 
Modulacién de frecuencia (0 de fase) 
Frequenz- (oder Phasen-) Modulation 


P Pulse modulation 
Modulation par impulsions 
Modulacién por impulsos 
Pulsmodulation 


Basic procedures 


In radio navigation and air traffic control the 
following procedures are used: 


1 - Communications systems 
Systémes de télécommunication 
Sistemas de telecomunicacién 
Nachrichtenibermittlung 


2 - Direction finding systems 
Systémes de radiogoniométrie 
Sistemas de radiogoniometria 
Richtempfangsverfahren 


3 - Directional transmission systems 
Systémes d’émissions dirigées 
Sistemas de emisi6n dirigida 
Richtsendeverfahren 


4 - Radar systems 
Systémes radar 
Sistemas radar 



































gular. Pulse modulation is described as pulse Radarverfahren 
Table 1: Frequency (wave) bands 
| Frequency Band Wave Band English German French Spanish 
| 
| VLF 30 kc/s - 10 km Very Low Frequency Myriameter-Wellen Trés basses fréquences Muy bajas frecuencias 
| 
LF 30...300 kc/s 10...1 Low Frequency Kilometer-Wellen (LW) Basses fréquences Bajas frecuencias 
| 
MF 300...3,000 kc/s 1,000...100 m Medium Frequency Hektometer-Wellen Fréquences moyennes Frecuencias medias 
(MW) 
HF 3...30 Mc/s 100...10 m High Frequency Dekameter-Wellen (KW) Hautes fréquences Altas frecuencias 
VHF 30...300 Mc/s 10...1 Very High Frequency Meter-Wellen (UKW) Trés hautes fréquences Muy altas frecuencias 
UHF 300...3,000 Mc/s 100...10 cm Ultra High Frequency Dezimeter-Wellen Ultra-hautes fréquences Frecuencias 
ultraaltas 
SHF 3,000... 30,000 Mc/s 10...1 cm Super High Frequency Zentimeter-Wellen Fréquences supérieures Frecuencias 
supraaltas 
EHF 30,000...300,000 Mc/s 10...1 mm Extremely High Millimeter-Wellen Fréquences extréme- Frecuencias extremada- 
Frequency ment hautes mente altas 
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Table 2: Designation of Emissions 











Type of transmission 


Ubertragungsart 


Type de transmission 


Tipo de transmision 








































































AO Absence of any modulation Fehlen jeglicher Modulation Absence de toute modulation Ausencia de toda modulacién 

Al Telegraphy without the use of modulat- Telegraphie ohne Modulation durch | Télégraphie sans modulation par une | Telegrafia sin modulacién por audio- 
ing audio frequency (on-off keying) eine hérbare Frequenz (Ein-Aus- fréquence audible (manipulation par | frecuencia (manipulacién por “‘inte- 

Tastung) tout ou rien) rrupcion de portadora’’) 

A2 Telegraphy by the keying of a modulat- Telegraphie durch Tastung einer oder | Télégraphie par manipulation d'une | Telegrafia por manipulacién de una 
ing audio frequency or audio frequen- mehrerer hérbarer Modulationsfrequen- | fréquence de modulation audible ou de | audiofrecuencia o audiofrecuencias de 
cies, or by the keying of the modulated zen oder durch Tastung der modulierten | fréquences de modulation audibles, ou | modulaci6én, o por manipulacién de la 
emission Aussendung par manipulation de l'émission modulée | emisién modulada 

A3 Telephony Fernsprechen Téléphonie Telefonia 

Double sideband, full carrier Ubertragung mit zwei Seitenbandern Double bande latérale, onde porteuse Doble banda lateral, onda portadora 
und vollem Trager compléte completa 

A 3a Single sideband, reduced carrier Einseitenbandiibertragung mit ver- Bande latérale unique, onde porteuse Banda lateral unica, onda portadora 

ringertem Trager réduite reducida 

A 3b Two independent sidebands, reduced Ubertragung mit zwei voneinander Deux bandes latérales indépendantes, Dos bandas laterales independientes, 

carrier unabhangigen Seitenbandern und onde porteuse réduite onda portadora reducida 
verringertem Trager 

A4 Facsimile Bildfunk Fac-similé Facsimile 

A5 Television Fernsehen Télévision Television 

Ag Composite transmissions and cases Gemischte Ubertragungen, die oben Transmissions complexes et cas non | Transmisiones complejas y casos no 
not covered by the above nicht erfasst sind envisagés ci-dessus previstos anteriormente 

A 9c Composite transmissions, reduced Gemischte Ubertragungen Transmissions complexes Transmisiones complejas, onda porta- 
carrier verringerter Trager Onde porteuse réduite dora reducida 

FO Absence of any modulation Fehlen jeglicher Modulation Absence de toute modulation Ausencia de toda modulacién 

F1 Telegraphy without the use of modulat- Telegraphie ohne Modulation durch | Télégraphie sans modulation par une | Telegrafia sin modulacién por una 
ing audio frequency (frequency shift eine hérbare Frequenz (Frequenzum- | fréquence audible (manipulation par | audiofrecuencia (manipulacién por des- 
keying) tastung) déplacement de fréquence) plazamiento de frecuencia) 

F2 Telegraphy by the keying of a modulat- Telegraphie durch Tastung einer oder | Télégraphie par manipulation d'une fré- | Telegrafia por manipulacién de una 
ing audio frequency or audio frequen- mehrerer hérbarer Modulationsfre- quence de modulation audible ou de | audiofrecuencia o audiofrecuencias de 
cies, or by the keying of the modulated | quenzen oder durch Tastung der modu- | fréquences de modulation audibles, ou | modulacién o por manipulacién de la 
emission lierten Aussendung par la manipulation de Il’émission | emisiédn modulada 

modulée 

F3 Telephony Fernsprechen Téléphonie Telefonia 

F4 Facsimile Bildfunk Fac-similé Facsimile 

F5 Television Fernsehen Télévision Television 

F9 Composite transmissions and cases Gemischte Ubertragungen, die oben Transmissions complexes et cas non- | Transmisiones complejas y casos no 
not covered by the above nicht erfasst sind envisagés ci-dessus previstos anteriormente 

PO Absence of any modulation intended to Fehlen jeglicher Modulation fiir die | Absence de toute modulation destinée | Ausencia de toda modulaciéndestinada 
carry information Ubertragung einer Nachricht a transmettre une information a transmitir informacion 

P1 Telegraphy without tiie use of modulat- Telegraphie ohne Modulation durch | Télégraphie sans modulation par une | Telegrafia sin modulacién por una 
ing audio frequency eine hérbare Frequenz fréquence audible audiofrecuencia 

P 2d Telegraphy by the keying of a modulat- Telegraphie durch Tastung einer oder | Télégraphie par manipulation d'une ou | Telegrafia por manipulacién de una 
ing audio frequency or audio frequen- mehrerer hérbarer Modulationsfre- de plusieurs fréquences audibles, ou | audiofrecuencia o audiofrecuencias de 
cies or by the keying of the modulated quenzen oder durch Tastung von par manipulation de Il'impulsion mo- | modulacién o por manipulacién del im- 
pulse modulierten Pulsen dulée pulso modulado 

Modulation of pulse in amplitude Modulation der Pulsamplitude Modulation de l'impulsion en amplitude Modulacién del impulso en amplitud 

P 2e Modulation of pulse width Modulation der Pulsbreite Modulation de |l'impulsion en largeur Modulacién del impulso en anchura 

P 2f Modulation of pulse phase (or posi- Modulation der Phase (oder Lage) | Modulation de la phase (ou la position) Modulacién del impulso en fase 

tion) des Pulses de l’'impulsion (o posicién) 

P 3d Telephony Fernsprechen Téléphonie Telefonia 

Amplitude modulated Modulierte Amplitude Modulation en amplitude Modulacién en amplitud 

P 3e Width modulated Modulierte Breite Modulation en largeur Modulacién en anchura 

P 3f Phase (or position) modulated Modulierte Phase (oder Lage) Modulation en phase (ou en position) Modulacién en fase (0 posicién) 

P9 Composite transmissions and cases Gemischte Ubertragungen, die oben | Transmissions complexes et cas non | Transmisiones complejas y casos no 
not covered by the above nicht erfasst sind envisagés ci-dessus previstos anteriormente 
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5 - Distance measuring/direction finding systems 
Systémes de télémétrie/goniométrie 
Sistemas de telemetria/goniometria 
Entfernungsmess/Richtempfangsverfahren 


6 - Distance measuring/directional transmission 
systems 
Systémes de télémétrie/émissions dirigées 
Sistemas de telemetria/emisi6n dirigida 
Entfernungsmess/Richtsendeverfahren 


7 — Hyperbolic systems 
Systémes a réseaux hyperboliques 
Sistemas de redes hiperbolicas 
Differenz-Entfernungsmessverfahren 


These systems are used in particular 
- for communications in air-to-ground, air-to-air 
or ground-to-ground traffic; 


- for navigation en route, in particular for accurate 
flying under Instrument Flight Rules; 


- as aids to approach and landing; 
- for air traffic control. 


Combinations of basic systems lead to many 


different methods, systems, equipments and... 
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terms in radio navigation and air traffic control; 
these are listed in the following survey. An exa- 
mination of radio waves at the points where they 
are propagated and received provides additional 
terms to explain the definitions in this survey. 


Transmitters, receivers, antennas 


All transmitters can, through the use of special 
antenna forms or by special arrangements of 
several single antennas, be made to transmit only 
in given directions, or to send out different signals 
in different directions. When simple T or rod 
antennas are used, transmissions are sent out in 
all directions with roughly the same efficiency. 
The radiation pattern in all directions is deter- 
mined by the directional characteristic or directional 
diagram, i. e., by the behaviour of the field strength 
values, or the receiver input voltages, in relation 
to the angle through which the transmitter antenna 
is turned, or through which a receiving antenna 
moves around the transmitter antenna under 
constant propagation conditions. The unit used 
is the greatest field strength value. The directional 
diagram in the horizontal plane is known as the 
horizontal diagram, that in a characteristic vertical 


plane the vertical diagram. The directional charac- 
teristic depends solely on the antenna arrange- 
ment and hence remains the same whether the 
antenna in connected with a transmitter or a 
receiver. 


According to the beam characteristics emitted, 
beacon transmitters are classified as: 


1 - Marker beacons 
2- Radio ranges 
3 - Rotating beam stations 


Marker beacons transmit conical or fan-shaped 
beams (generally VHF) in the vertical direction; 
they are received aboard the aircraft only when 
the latter is flying directly above them and are used 
for position fixing on airways and approach routes. 


Radio ranges transmit in non-vertical directions 
two or more lobes in such a way that any aircraft 
flying in their plane of symmetry receives a charac- 
teristic signal. There are simple fixed beam sta- 
tions such as localizers and glide path trans- 
mitters, and multiple beam stations such as two- 
course and four-course radio ranges. Rotating 
beam stations transmit a pattern which rotates at 
constant angular velocity. If, for example, a second 











1.1 





2.1 








signal is transmitted as the beam passes through 
north, the direction of the station in relation to the 
aircraft (azimuth) can be determined simply by 
comparing the times at which the two signals are 
received. There are also rotating beam stations 
with voice transmission of direction (now obsoles- 
cent) and others with several lobes, such as the 
Consol stations which “rotate” 5 x60 dots and 
5 x60 dashes, one tenth of which are received 
aboard the aircraft, and finally the rapidly rotating 
stations such as VOR and TACAN. 


Like transmission, reception can also be non- 
directional or directional, depending on whether 
a simple antenna or a directional antenna is used. 
In directional reception, not only the actual trans- 
mission but also the direction from which it is 
received is determined, in relation to either the 
aircraft's longitudinal axis (in the case of airborne 
D/F receivers) or to the meridian or magnetic 
north (in that of ground D/F receivers). 


In addition to “pure” transmitters on the one 
hand and “pure” receivers on the other there are 
many kinds of combined stations, which can be 
classified as transmitter-receivers and receiver- 
transmitters. These are used not only in communi- 
cations—which need no further discussion here— 
but above all in radar, where it is by no means 
immaterial whether reception succeeds or prece- 
des transmission. Radar equipments of the first 
kind are known as radar stations, in contrast to 
radar repeaters (radar beacons or racons, trans- 
ponders) all of which transmit—generally on a 
different frequency—only after receiving an interro- 
gation signal. 


Transmitter-receivers at fixed radar stations 
generally work with rotating or vertical scanning 
directional antennas to measure the bearing and 
elevation of returning echoes; airborne radar 
stations can use rotating beam antennas (e. g., 


weather radar), directional beam antennas (e. g., 
Doppler radar) or non-directional antennas (e. g., 
distance measuring equipment). The receiver- 
transmitters of transponders on the ground trans- 
mit in afixed direction (radar blind landing beacon) 
or are non-directional (simple pulse repeaters), 
while transponders installed in aircraft—for recog- 
nition purposes, traffic control, etc.—are obvi- 
ously non-directional. 


* 


The above brief introduction provides some of 
the basic terms which will be of use in under- 
standing the definitions of the individual methods 
and systems. The latter are so many in number 
that they are best presented in table form. This has 
been done on the following pages, classified 
according to basic systems: 

1. Communications systems 
1.1 - Non-directional transmitters and receivers 


2. Direction finding systems 
2.1 - Direction finders with D/F loop 
2.2-RDF-radio direction finder or ADF-auto- 
matic direction finder 
2.3- Homing with D/F 
2.4- Ground direction finding 
2.5- Ground VHF/RT automatic direction 
finding 
3. Directional transmission systems 
3.1 -— VHF marker beacons 
3.2-LF and MF four-course radio range 
stations (RNG) 
3.3 - VHF four-course visual-aural radio range 
(VAR) 
3.4- VHF omni-directional radio range (VOR) 
3.5 - MF long-range Consol navigation system 
3.6 - VHF/UHF Instrument Landing Systems 
(ILS) on two beams 


. Radar systems 
4.1 - Distance measuring 
4.2 - Altitude determination by UHF radio alti- 
meter 
4.3 —- Storm and collision warning airborne SHF 
radar 
4.4 - Doppler navigation 
4.5 - UHF/SHF (radar) ground-controlled 
approach (GCA) 
4.6 - UHF/SHF surveillance radar 
4.7-EHF airfield surface movement indicator 
4.8 - UHF/SHF television-radar air navigation 
(TELERAN) 


5. Distance measuring | direction finding 
5.1-Distance measuring and homing by VHF 
Rebecca-Eureka 


6. Distance measuring/directional transmission 
systems 
6.1 - Medium-range navigation system TACAN 
6.2 —-LF long-range navigation system 
NAVARHO 
6.3 — VHF (radar) blind approach beacon system 
BABS and Rebecca 


7. Hyperbolic navigation systems 
7.1 - Differential distance measuring with pulse 
modulation 
7.2 - Differential distance measuring without 
pulse modulation 
7.3 - Radio-Mailles (radio-mesh) navigation 
system 
Each of these 27 systems is accompanied by a 
definition, and the most important equipment 
designations and secondary terms are given in 
four languages. An alphabetical list of the more 
common abbreviations is also included, and 
simplified diagrams illustrate the operating prin- 
ciples of the systems listed. 





1. COMMUNICATIONS SYSTEMS 


Non-directional trans- 
mitters and receivers 


Emetteurs et récepteurs 
non dirigés 


Ground radio 

Airborne radio 

W/T (Wireless-Telegraphy) 
R/T (Radio-Telephony) 
Selective calling 

Radio teletype Radiotélétype 
Facsimile Fac-simile (Belino) 
TV Télévision 

Automatic transmission Emission automatique 


Station radio fixe 
Poste radio de bord 
Radiotélégraphie 
Radiotéléphonie 
Appel particulier 


Static transmitting-receiving radio stations in the vicinity of airports for non-directional communications traffic normally employ 
T-antennas for LF and MF working, and mast antennas for HF and VHF. Airborne transmitters-receivers also employ T-antennas 
(L and V-antennas or retractable trailing antennas) for LF, MF and HF, and rod antennas for VHF working. In almost all high- 
speed aircraft antennas are usually built in or are an integral part of the structure (e. g., tail fin HF antennas). In general con- 
temporary air-to-air, air-to-ground and ground-to-ground communications all employ R/T. Selective calling systems give the 
pilot an acoustic or optical call signal and avoid the necessity for constant watch on a given channel. Recent developments are 
towards the automatic transmission of standard messages to a visual display in the pilot's cabin utilizing radio-teletype, fac- 


Rundstrahisender 
und ungerichtete 
Empfanger 


Emisores y receptores 
no dirigidos 


Boden-Funkstelle 
Bord-Funkstelle 


Estacion radio fija 
Radio de a bordo 


Radiotelegrafia Tastfunk 
Radiotelefonia Funksprechverkehr 
Llamada particular Selektiv-Ruf 
Radioteletipo Funkfernschreiben 
Fac-simil (Belino) Bildfunk 
Television Fernsehen 


Automatische 
Obertragungsanlagen 


Emision automatica 


simile or TV equipment. Service aircraft are also making increasing use of UHF for communications purposes. 














2. DIRECTION FINDING SYSTEMS 


Direction finders with Radiogoniométres a 
D/F loop cadre 

Aural null Extinction 

D/F Loop Cadre radiogoniométrique 


Gisement (f) 
Cap de I’avion (4) 


Relative bearing (/) 
Aircraft heading (x) 


Airborne equipment comprises loop antenna, receiver and indicator. The loop antenna, rotatable through 360°, is tuned for a 
null position at 180° to the ground signal; the indicator shows the relative bearing (8), i. e., the angle between the aircraft's 
longitudinal axis and the direction of the ground station. True bearing (y) is the sum of aircraft heading (x) and relative bearing 


Radiogoniometria Eigenpeilung mit 


de cuadro Rahmenantenne 
Extincion Minimaler Empfang 
Cuadro radiogoniometrico Peilrahmen 

Posicion (/) Bordseitenpeilwinkel () 
Rumbo (4) Steuerkurs (a) 


(8). Indications have 180° ambiguity as the ground station may be at point / or II. 
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2.2 RDF (radio direction Radiocompas de gonio- Radiocompas de gonio- Eigenpeilung mit Radio- 


finder) or ADF (auto- 
matic direction finder) 








Loop crank 


Automatic tuning 


métrie ou radiogonio- 
métres automatiques 


Manivelle de rotation 
du cadre 

Commande automatique 
du cadre 





Antenne de lever du doute 


metria o radiogonié- 
metros automaticos 


Manivela de rotacién 
del cuadro 
Mando automatico 
del cuadro 
Antena de identificacién 


kompass oder automati- 
schem Radiokompass 


Rahmenkurbel 
Automatische 


Minimumabstimmung 
Ungerichtete Hilfsantenne 


Non-directional sense 
antenna 
Dual ADF 











Radiogoniémetro auto- Doppel-Radiokompass 


matico gemelado 


Radiogoniométre auto- 
matique jumelé 


RDF (the so-called “radio compass"') provides unambiguous bearing indication using a straight wire sense antenna in con- 
junction with a loop directional antenna for measuring the direction of travel of incoming radio signals; the ADF has a powered 
rotating mechanism, in place of the simple loop crank, which automatically tunes to a null position. The indicator has a fixed 
outer scale on which the relative bearing (8) is shown, and a movable inner scale, adjusted either manually or automatically 
to the aircraft heading (x), thus indicating the bearing (y) of the ground signal against north. For position finding modern trans- 
port aircraft employ automatic dual ADFs which permit simultaneous indication of bearing values from two transmitting stations 






on one display. 













2.3 Homing with D/F 
Loop in homing position 


Uncorrected for drift 
Corrected for drift 


Systémes goniométri- 
ques de radioralliement 


Cadre en position de 
radioralliement 

Sans correction de dérive 

Avec correction de dérive 


Sistemas goniométricos 
de radioalineacién 


Cuadro en posicién de 
radioalineacién 

Sin correccién de deriva 

Con correccién de deriva 










The D/F loop is set at right angles to the aircraft's longitudinal axis and the phase of the sense antenna periodically reversed 
so that the resulting cardioid radiation pattern points alternatively in opposite directions; when signals from the two antenna 
combinations are received with equal strength aircraft heading is either to or from (QDM/QDR) the ground station. The actual 
track followed will be a curve depending on lateral wind conditions. Deviations from course will be indicated as visual left- 
right signals and/or acoustic A-N morse signals, or else fed direct to an automatic pilot. To compensate for drift the loop-null 
position may be offset to an equivalent angle, on the downwind side of the aircraft nose; a position will be found which will 
remain constant and permit a constant heading and straight track. 
















2.4 Ground direction Radiogoniométres fixes Radiogoniémetros fijos Einfache Fremdpeilung 


Finding 


Magnetic (QDR) or true Relévement magnétique Marcacién magnética Missweisender (QDR) oder 


(QTE) bearing (QDR) ou (QDR) o Rechtweisender (QTE) 
Relévement vrai (QTE) Marcacién verdadera Peilwinkel 
(QTE) 


Magnetic (QDM) or true 
(QUJ) heading 


Missweisender (QDM) oder 
Rechtweisender (QUJ) 
Zielkurs 


Rumbo magnético (QDM) o 
Rumbo verdadero (QUJ) 


Cap magnétique (QDM) ou 
Cap vrai (QUJ) 


Using directional antennas, ground D/F receiving stations (e.g. A and B) determine the magnetic (MN) or true (N) bearings 
to the aircraft-transmitter and pass this information to the pilot for plotting fixes. Alternatively the ground stations plot the air- 
craft's position and radio the information to the pilot. International Q-code, as laid down by |.C.A.O., is used in communications. 



















Automatische VHF- 
Sprechfunk- 
Fremdpeilung 


Radiogoniémetros 
VHF fijos 


2.5 Ground VHF/RT Radiogoniométres VHF 
automatic direction fixes 
finding 


Kathodenstrahlréhre 
(Braun'sche Réhre) 

Adcock-Peilantenne mit 
(mittlerer) Hilfsantenne 


Cathode ray tube Tube a rayons cathodiques Tubo de rayos catédicos 
Antena Adcock de 
radiogoniometria 
con antena de 
identificacién 


Antenne Adcock de 
radiogoniométrie 
avec antenne de lever 

du doute 


D/F Adcockantennasystem 
with (central) sense 
antenna 


VHF RIT transmissions from aircraft are received by ground stations equipped with fixed H-type Adcock antenna systems; 
direction of the incoming transmission is indicated on a cathode ray tube. QDM and QDR bearings can be radioed back to the 
aircraft from the control tower without delay. Ranges up to 100 miles. Automatic transmission of bearings from two or more 
ground stations to a control station permit the fixing of the aircraft's position without delay. 
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VHF marker beacons 


3.1 Z-Marker 
Fan marker 
Outer, middle and 
boundary markers 
(OM, MM, BM) 


Vertically radiated transmissions from VHF radio beacons (generally 75 Mc/s) are received in the aircraft as aural or visual 
signals to inform the pilot that he is over an established point. Z markers indicate, in the cone of silence above a radio-range 


3—DIRECTIONAL TRANSMISSION 


Radiobalises VHF 


Radioborne Z 
Radioborne en eventail 
Radiobalises extérieures, 


médianes et de délimitation 


(OM, MM, BM) 


station, the exact position of the station. 


Radiobalizas VHF 


Radioborne Z 

Radioborne en abanico 

Radiobalizas exteriores, 

medianas y de delimitacién 
(OM, MM, BM) 


SYSTEMS 





VHF Markierungsbaken 


Z-Markierungsbake 
Facher-Markierungsbake 
Vor-, Haupt- und Platz- 
Einflugzeichen 
(OM, MM, BM) 











3.2 LF and MF four-course 
radio range stations 
(RNG) 


Beam 

Identification signal 
Cone of silence (OO) 
Night and twilight effect 


Atmospheric interference 


A short-range navigation system defining airways by an established network of LF or MF directional transmitting stations. Ad- 
cock antennas, which largely overcome the night effects, transmit two A and two N beams in interlocking sequence, so that 
a continuous (‘‘on course") signal is received in the plane of intersection. Position fixes are indicated by Z and Fan markers 
at established points. R/T communication is usually provided through the centre antenna of the range station. This system 


Stations de radioaligne- 
ment LF et MF a quatre 
axes (RNG) 


Faisceau 

Signal d'identification 

Céne de silence (OO) 

Effet de nuit et de 
crépuscule 

Parasites atmosphériques 


is being superseded by the VOR system (see section 3.4). 


Estaciones de radio- 
alineacién LF y MF de 
cuatro ejes (RNG) 


Haz 

Sefial de identificacién 

Cono de silencio (OO) 

Efecto de noche y de 
crepusculo 

Parasitos atmosféricos 


LF und MF 
Vierkurs-Leitstrahl- 
baken-System 

«Radio Range» (RNG) 


Leitstrahl 
Stationskennung 
Schweigekegel (OO) 
Nacht- und 
Dammerungseffekt 
Atmospharische 
Funkstérungen 











3.3 VHF four-course 
visual-aural 
radio range (VAR) 


Blue quadrant 
Yellow quadrant 
N-quadrant 
A-quadrant 


Radiophares d’aligne- 
ment VHF a quatre axes 
a repérage visuel et 
acoustique (VAR) 


Secteur bleu 
Secteur jaune 
Secteur N 
Secteur A 


Radiofaros de alineacién 
VHF de cuatro ejes, de_ 
deteccién visual o 
acustica (VAR) 


Sector azul 
Sector amarillo 
Sector N 
Sector A 


Optisch-Akustisches 
VHF Leitstrahibaken- 
System «VAR» 


Blauer Bereich 
Gelber Bereich 
N-Tastungs-Bereich 
A-Tastungs-Bereich 


A development of the RNG system (section 3.2). A VAR station defines four legs, two of which carry A and N aura/signals 
and two of which are presented as visual (blue and yellow) signals which are read off the ILS localizer indicator. Due to the 
fact that VAR employs VHF and is not sensitive to night effect it is more effective than the MF range system (3.2) in moun- 
tainous regions; VAR formed a transitional aid between the latter and VOR (see section 3.4). 








3.4 VHF omni-directional 
radio range (VOR) 


Radiophares VHF 
omnidirectionnels 


Radiofaros VHF 
omnidireccionales 





Bearing indicator 
Spinning field pattern 


Indicateur d’azimut 
Champ tournant 


Indicador de azimut 
Campo giratorio 





VHF Drehfunkfeuer 
«VOR» 


Azimut-Anzeiger 
Drehende Charakteristik 


lie bearing © to a VOR ground station is determined in the aircraft by automatic phase comparison of a non-directional re- 
ference signal (B) and a rotated signal whose phase varies with bearing (V). At a bearing of 360° (north) both signals are in 
phase, at bearing 90° (east) a phase variation of 90° is apparent, at 180° (south) a variation of 180° etc. VOR navigation permits 
‘he aircraft to maintain any required radial course to or from the ground station. 
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3.5 MF long-range Consol 
navigation system 


Consol cover 


Consol chart 
Day (night) range 
Bearing error 


Navigation over long distances, especially over water, requires exact azimuth determination. MF Consol stations achieve this 
with the aid of standard aircraft receivers, but the approximate position must first be known or found from D/F bearings. The 
Consol ground station utilizes three aligned aerials and signals are transmitted by the end antennas as a series of dots (E) and 
dashes (T); the phase of the end antennas with respect to the centre antenna is changed so that the radiation pattern consists 
of several lobes averaging 15° wide in azimuth rotating around the centre antenna, clockwise on one side of the baseline and 
anti-clockwise on the other. Alternate lobes or sectors contain dot and dash signals which merge at the sector boundaries into 
a continuous tone, or equisignal. In the aircraft bearing is determined by separate counts of dots and dashes to identify the sector 
by Consol charts or by tables. Although the system is basically hyperbolic, at distances of 
the lines of position can be considered great circles with negligible error, and the system can be considered directional. The 
range is approx. 1,200 n.m. by day and 1,500 by night. Bearing accuracy varies from sector to sector, being greatest along the 
centre line and decreasing towards the base /ine extensions. 


Systéme MF de navi- 
gation sur longues 
distances Consol 


Champ d'action du Consol 
Carte Consol 


Portée diurne (nocturne) 
Erreur de relévement 


Sistema MF de navega- 
cién a grandes distancias 
Consol 


Campo de accién del 
Consol 

Carta Consol 

Alcance diurno (nocturno) 

Error de marcaci6n 


25 n.m. from the ground station 


MF Langstrecken- 
Navigationssystem 
«Consol» (Sonne) 


Consol-Bereich 


Consol-Rasterkarte 
Tages- (Nacht-) Reichweite 


Azimutfehler 
1 SECTOR 


45 SEC. 











3.6 VHF/UHF Instrument 
Landing System (ILS) 
on two beams 


VHF localizer 


UHF Glide path transmitter 


Three VHF marker beacons 


Cross pointer instrument 
and signal lights 


ILS is an 1.C.A.O. standard system, defining an approach path by using two guiding planes originating from a VHF localizer 
situated at the upwind end of the runway centreline, and a UHF glide path transmitter positioned to the side of the runway, 
level with the touch-down point. Two pairs of MCW beam arrays, with 90 c/s modulation on one side and 150 c/s on the other, 
each intersect to define a plane. In the aircraft a cross-pointer instrument indicates the position of the two planes relative to 
the aircraft. Distance from the end of the runway is indicated by aural or visual signals received above three VHF marker beacons | 

(outer, middle and boundary). ie 


Systeme VHF/UHF 
d'‘atterrissage aux instru- 
ments (ILS) a deux 
faisceaux 


Radiophare VHF 
d'alignement 

Emetteur UHF de 
trajectoire de descente 

Trois radiobalises VHF 

Instrument a aiguilles en 
croix et signaux lumineux 


Sistema VHF/UHF de 
aterrizaje con instru- 
mentos (ILS), de dos 
haces 


Radiofaro VHF de 
alineacién 

Emisor UHF de trayectoria 
de descenso 

Tres radiobalizas VHF 

Instrumento de agujas 
en cruz y sefnales 
luminosas 


VHF/UHF Instrumenten- 
Landeverfahren «ILS» 
auf zwei Leitebenen 


75 Mc/s (1500 c/s) 75 Mc/s (3000 c/s) 


75 Mc/s (400 ¢/s) 


VHF Anflugbake 
UHF Gleitwegbake 
Drei VHF Markierungsbaken 


Kreuzzeigerinstrument 
und Merkleuchten 





90 rest 





150 wr} 


7.2km. 4.5 mi. 











Distance measuring 


4.1 Interrogator 
Responder 
Travel time 


The establishment of ground radar responders permits aircraft interrogator units to measure the distance between aircraft and 
ground station, based on the pulse travel time aircraft-groundstation-aircraft. 


4—RADAR SYSTEMS 


Radiotélémétres 


Interrogateur 
Répondeur 
Temps de propagation 


Radiotelémetros 


Interrogador 
Respondedor 
Tiempo de propagacién 


of 200 Mc/s (e.g., Rebecca-Eureka) or on 1,000 Mc/s (e.g., TACAN or VORTAC). 


These systems function mainly on a frequency 


Entfernungsmessung 


Abfragegerat 
Antwortbake 
Laufzeit 








Altitude determination 
by UHF radio altimeter 


4.2 Height above ground 
Frequency differential 
measuring device 
Transmitted wave 
Reflected wave 


For continuous determination of height above ground (terrain clearance), frequency modulated UHF waves are radiated from 
a small dipole antenna (frequency varied linearly between a maximum and minimum), reflected from the ground, and received 
by a second dipole. The difference in frequency between transmitted aia reflected waves is proportional to distance and is 


Détermination de I'alti- 
tude par radioaltimétre 
UHF 


Altitude au-dessus du sol 

Dispositif de mesure de la 
différence des fréquences 

Onde émise 

Onde réfléchie 


measured and displayed on a fine altimeter. 
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Determinacion de altitud 
por radioaltimetro UHF 


Altitud con relacién al suelo 

Dispositivo de medida de 
diferencia de frecuencias 

Onda emitida 

Onda reflejada 


Hohenbestimmung 
durch UHF 
Funkhéhenmesser 


Hohe iiber Grund 
Frequenzunterschied- 
Messgerat 
Abgestrahite Welle 
Empfangene Welle 
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Continued in next issue 
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FIAT G9 


N.A.T.O. LIGHT STRIKE FIGHTER 
- Designed to N.A.T.O. operational specifications 
- Research work assisted by the M.W.D.T. and A.G.A.R.D. 


- Test flown by N.A.T.O.’s most experienced pilots 


The G.91's characteristics are based as follows: 
cabin, on the principle of facility and ease of pilotage 
undercarriage, on ability to use short semi-prepared airstrips 


armament, on maximum defensive and offensive efficiency (.5-inch 
machine guns, 20-mm or 30-mm cannon, bombs, tactical atomic 
bombs and rockets of various calibres, including guided missiles) 


Exceptionally low purchase price and operating costs. 


FIAT- DIVISIONE AVIAZIONE 
Corso Giovanni Agnelli 200 — TORINO (ltaly) 
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The ‘‘Advanced Design’’ Series 


Recent Bendix communi- 
cations and navigation 
equipment 


Daring the past few years Bendix Radio 
Division {in conjunction with Bendix Aviation 
Corporation) has developed a comprehensive 
range of new radio communications, navi- 
gation and radar equipment for installation 
in turbine-powered transports and multi- 
engine executive aircraft. This collection is 
so vast that the pictures shown here can give 
only a representative selection. Major equip- 
ments included in the new ‘“‘Advanced Design” 
series are: 


| - VHF communications transmitters and 

receivers ; 

2 - VHF navigation equipment for the 
reception of signals from VOR stations 


and ILS approach beacons; 


3 - UHF glide slope receivers for instru- 
ment approaches; 

4 —- VHF marker beacon receivers; 

5 - LF/MF automatic direction finders; 

6 - SHF (X and C band) weather radar; 

7 - Passenger address amplifiers. 


All these equipments have been minia- 
turized, i.e., designed to save space and 
weight and to consume the minimum of 
power. For example, the VHF combination 
for voice communications and navigation 
(figs. 12, 13 and 14) occupies only seven- 
eighths of a standard rack (7/8 ATR). A 
complete installation consisting of dual sets 
of all primary radio aids, plus dual glide 
slope receivers (fig. 16), one marker beacon 
receiver (fig. 15), a third VHF _ receiver 
(fig. 13), the passenger address amplifier 
(fig. 19) and two ADF receivers, takes up 
a total of four racks. The transmitter-receiver 
and power supply unit for the weather radar 
(fig. 18) between them occupy a further rack. 
The new equipment offers a space saving of 
more than 50 percent and a total weight 
saving of almost as much. Thus it is possible 
to provide the smaller executive aircraft with 
the degree of all-weather operation which has 
hitherto been the prerogative of the airlines 
and the military. 


This reduction in size, weight and power 
consumption of all installations has been 
achieved by wide use of transistors and 
printed circuitry. Some of the equipments, 
such as the navigation unit used in conjunc- 
tion with the VHF receiver, and the pas- 
senger address amplifier, are fully transisto- 
rized, and the remainder use only a strict 
minimum of standardized miniature tubes 
of a high degree of reliability. 


The pictures of the ‘“‘Advanced Design” 
series of instruments on these pages are 
divided into three groups: 


For the pilot's eyes, ears... and hands: Bendix instruments and control equipment in the cockpit 






1 Omni-Mag (MN-97), a combi- 2 
navi- 


ned instrument for VHF (MN-72), for 


gation and ILS approaches. 





4 PPI-1 indicator for the Bendix RDR-1 weather ra- 
dar; diameter 5 inches. 





6 SLA-18 selector switch for VHF receiving and 


transmitting frequencies. 





8 Control panel (CNA-70) for the DFA-70 ADF system. 


The antennas 


10 Rotating antenna (ANT-1) for the RDR-1 weather 
radar, with 22-inch or 30-inch reflector. 





Radio Magnetic Indicator 3 
simultaneous 
cation of two bearings. 










IN-5A three-lamp indicator, 
marker beacons (Z and fan 





indi- for 






marker signals and ILS approach 
marker signals). 













5 Amspeaker (MI-51B), amplifier-loudspeaker to replace 
or supplement headsets, 














7 Control panel (CON-1) for the RDR-1 weather radar. 








































9 Audio control panel (CNA-2C-1), for selective control 
of all communication and navigation audio circuits. 


11 Flush magnetic antenna (LPA-70) for the DFA-70 
ADF system. 
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1 - Cockpit instruments and control units 
(figs. 1 to 9); 
2 - two typical lightweight antennas (figs. 
10 and 11); 
3 — a sample collection of “black boxes” 
in the ATR rack (figs. 12 to 19). 
The VHF transmitter (fig. 12), VHF 
receiver (13) and VHF navigation unit (14) 
belong together. Both transmitter and receiver 
are remote-controlled by means of rotary 


Parade of the ‘‘black boxes”’ 





~~ 


2 VHF airborne transmitter 13 
(TA-21A), normally in dual instal- 


lation. 





VHF receiver (RA-21A) for 14 
communications and navigation. 


switches (fig. 6) and can be set, at intervals 
of 50 kc/s, to all frequencies from 118.00 to 
135.95 Mc/s (transmitter) or 108.00 to 135.95 
Mc/s (receiver). The receiver serves simul- 
taneously two purposes: 1 - communications 
(in conjunction with headsets or a cabin 
loudspeaker as shown in fig. 5); 2 - beacon 
signal reception (in conjunction with the 
navigation unit—fig. 14—and the Omni- 
Mag—fig. 1). The transmitter is switched, 
via an antenna relay, to the common trans- 


VHF navigation unit (NVA- 
21A), generally in dual installation. 











16 UHF glide slope receiver (GSA-8A), open show- 
ing tubes. 


18 Synchronizer-power supply (SYN-1B; left) and 
transmitter-receiver (RDR-1D) for the weather radar. 
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17 LF/MF ADF receiver (DFA-70), generally in dual 
installation. 


19 Audio amplifier (AMA-10A) for the passenger address 
system. One of the five modules is shown withdrawn. 














mitting and receiving antenna when the 
pilot presses the talk button on his micro- 
phone. Weights: 13.5 lb. (transmitter plus 
power supply), 9 Ib. (receiver plus power 
supply), 7.5 lb. (navigation unit). Power 
supply 27.5 volt D.C. or 115 volt A.C.; 
transmitter output 25 watts. 


The VHF navigation receiver (figs. 13 
and 14) is supplemented by the VHF 
marker receiver (fig. 15) and the UHF glide 
slope receiver (fig. 16). The former operate: 
on a fixed frequency of 75 Mc/s and indicates 
passage over fan markers, Z markers and 
ILS approach markers, by means of the 
blue, yellow and white lamps on the indicator 
(fig. 3) and the usual acoustic signals in the 
headset or cabin loudspeaker (fig. 5). Weight 
8.5 lb., including power supply. The glide 
slope receiver, on the other hand, operates 
on 20 channels in the UHF band and 
provides “fly higher—fly lower” signals 
(depending on the 90/150cycle tone-modulated 
glide slope signals received during landing 
approach), with direct presentation on the 
Omni-Mag (fig. 1; horizontal pointer). Weight 
of receiver, with power supply but without 
antenna, 7.5 Ib. 

An independent navigation aid is provided 
by the automatic direction finding system 
(fig. 17), which can be mounted in either a 
single or a dual installation for both visual 
and aural navigation information (including 
Consol). The system works in the 90 to 
1,750 kc/s band. It is remote-controlled 
(control panel in fig. 8) and is used in con- 
junction with either the cruciform antenna 
shown in fig. 11 or a non-directional sense 
antenna (generally underneath the fuselage). 
Bearing data are displayed on the Radio 
Magnetic Indicator (fig. 2), in the form of 
the lateral bearing in relation to the air- 
craft’s longitudinal axis (indicated by the 
triangular marker) and as bearing to the 
transmitter (on the rose controlled by the 
master compass). The instrument gives 
simultaneous readings of two bearings from 
two different transmitters (thick and thin 
pointers), so that full use can be made of 
the dual ADF installation, particularly 
for rapid position finding en route and during 
stacking. The compass rose naturally also 
shows—below the marker—the aircraft’s 
magnetic heading. 


The Bendix weather radar, consisting of 
transmitter-receiver and synchronizer-power 
supply (fig. 18), antenna group (fig. 10), 
control panel (fig. 7) and indicator (fig. 4), 
works either in the C-band (5,400 Mc/s) 
or the X-band (9,375 Mc/s) and uses either 
a rotating antenna reflector of 22 or 30 inch 
diameter, or a 15 or 18-inch sector scanning 
antenna. The indicator pictures a 240° sector 
of the airspace ahead of the aircraft, with 
three different range scales (0-20 nautical 
miles, 0-50 nm, 0-150 nm); to cover higher 
or lower layers the antenna can be tilted up 
to 15° upwards or downwards. The system 
is equipped with a contour device for darken- 
ing particularly intense echoes; weight, 
including 22-inch antenna, 85 Ib.; peak 
output 40 or 75 kW. 

Finally a word on the passenger address 
system, the audio amplifier for which is 
shown in fig. 19. It is used to transmit crew 
announcements or recorded music to pas- 
sengers. 
















Navigation System 


After three years development work Decca Radar Limited has produced 
a Doppler radar which, combined with Decca/Dectra, provides aircraft 
with a complete universal navigation system, known as DIAN (Decca 
Integrated Airborne Navigation). 


The combination of Decca/Dectra with Doppler radar is particularly 
promising. Doppler radar alone does not fully meet the requirements of air 
traffic control in high density traffic areas, chiefly because Doppler naviga- 
tion is based on the measurement and integration of ground speed, so that 
position errors will increase proportionately with the distance flown. As 
these errors are of differing magnitude in individual Doppler radar sets, 
Doppler navigation alone seems unlikely to be capable of reducing the 
separation standards laid down for safety reasons. A system which would 
answer these requirements would have to be based on common reference 
in all aircraft concerned. 


It is for this reason that the integration of Doppler with Decca/Dectra 
is of special interest. In high density traffic areas where precise navigational 
aids are required, aircraft can be flown by Decca Navigator, or on longer 
stages by the Dectra system, with the Doppler radar providing valuable 
additional navigational data (for example, ground speed and drift), while 
in areas where no Decca/Dectra cover is available the Doppler radar per- 
mits “‘normal’’ navigation. 


An outstanding feature of the DIAN system is that navigational infor- 
mation derived from Decca/Dectra or Doppler is displayed on the same 
cockpit presentation, the Flight Log (see block diagram). This permits the 
size, weight and complexity of the Doppler equipment to be reduced to a 
minimum. 


Other features of the DIAN system are: 


- accurate and complementary navigation information; the interchange of 
Doppler-Decca/Dectra position information effectively increases the use- 
ful service of both facilities; 


- outside Decca/Dectra coverage, operation at speeds between 100 and 
1,000 knots and at heights up to 50,000 ft.; within Decca/Dectra coverage 
the system is not affected by height or speed. 


* 


Meanwhile extensive practical trials of Dectra have been carried out over 
the North Atlantic. The first phase was confined to evaluating the accuracy 
of the tracking pattern, for which purpose a Ministry of Supply Valiant 
bomber was used. The second phase of the trials began in October 1957 
and. concerned the evaluation of the complete system, both tracking and 
ranging patterns. So far, aircraft have flown not only along the Gander- 
Prestwick great circle, but also north (as far as Iceland and Goose Bay) 
and south (to the Azores) of this route. The results available to date confirm 
the high degree of accuracy predicted. 


Trials will shortly be carried out by an R.A.F. Transport Command 
Comet, phased with the Valiant, to enable separation standards to be 
established for aircraft navigating by Dectra along the same route. 

So far aircraft of B.O.A.C. (DC-7Cs), P.A.A. (Stratocruiser) and 
Swissair (DC-7Cs) have taken part in trials, on scheduled flights from New 
York and Montreal to London, Paris and other European destinations. 
These aircraft are fitted with complete Decca/Dectra equipment so that they 
also use the Decca chains in the eastern and western hemisphere. 


Later in the year other airlines, such as S.A.S. (with DC-7C), T.C.A. 
(North Star) and K.L.M. will also participate in the trials. 


The Decca Integrated Airborne 




























































Block diagram of the DIAN system.—The Decca lanes and zones defined by the 
hyperbolae are indicated on the three Mark 10 Decometers for Red, Green and Purple 
(7, 8, 9), while the Dectra range meter (10) gives distance. The Doppler frequency 


shift measured (Doppler antenna 1) and the heading (taken from the compass) 
are fed into a computer, which evaluates ground speed, ground miles run, track, drift, 
northerly and easterly velocity components, latitude and longitude, and input positional 
information to feed a Decca Flight Log. The two Doppler instruments (11, 12) show 
wind speed and direction (or ground speed and track; 12, and position coordinates (11), 
The main feature of the DIAN system, however, is that all track data are recorded 
on the Flight Log (13), regardless of which of the three integrated systems supplies 
the data. 


A Decca Mark 10 transmitter undergoing final checking. The Mark 10 equipment 
permits automatic lane identification over distances equa] to the normal night range 
of the Decca system, and sends zone identification signals to the aircraft. 



































Air Navigation | 








A navigation direction finder is a type of radio 
receiving station, which enables the direction of 
an aircraft to be ascertained by an air traffic 
controller on the ground. Unlike a radar station, 
which finds the position of an aircraft by sending 
out waves that are reflected from the structure of 
the machine, the direction finder depends on the 
cooperation of the aircraft itself, since it deter- 
mines the direction of arrival of signals that are 
transmitted from the latter. Normally these are 
the radio telephone messages that are sent out by 
the aircraft in the process of obtaining informa- 
tion and instructions from the ground. 

In the earlier type of equipment a directional 
aerial system, such as a loop aerial, is rotated 
manually until a certain alternation in the inten- 
sity of the radio signals from the aircraft indicates 
that the plane of the aerial system and the direc- 
tion of incidence of the received waves bear some 
definite pre-arranged relation. In modern equip- 
ments however this is no longer necessary and 
special circuits are employed whereby the direc- 
tion of arrival of the signals is indicated automati- 
cally on either a cathode ray tube or a meter. 

A direction finder makes it possible to find the 
direction of an aircraft from a ground station 
with respect to true North. This is called a posi- 
tion line. The aircraft must be somewhere on this 
line but precisely where is not indicated. The 
latter information can only be obtained by using 
two or more D/F stations and employing the 
triangulation methods of ordinary surveying. 
Bearings of an aircraft are taken by two or more 
D/F stations simultaneously. If these bearings 
are then plotted on a map it is evident that the 
position of the aircraft is where the position lines 
cross. Such D/F systems known as ‘“‘fixer’’ net- 
works have been used for many years, but until 
recently the plotting of these bearings has been 
carried out manually in the following manner. 
The operator at each D/F station telephones the 
bearing of thé aircraft to a central plotting room, 
where these bearings are set up on a map. Com- 
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A High Frequency Automatic Position Finding System 


for the North Atlantic 


By Max Settelen, Standard Telephones and Cables Ltd., London 


pass circles are printed around each D/F station 
on the map, and bearings are marked off by cords 
attached to one end of the centre of these circles. 
The time involved in plotting bearings in this way 
is comparatively lengthy, and even with skilled 
operators it takes at least thirty seconds. 

With the ever increasing speeds of modern air- 
craft, a means whereby this procedure can be 
made automatic has been sought for a number of 
years. Such a system has now been perfected 
which projects aircraft position lines on a map 
engraved on an illuminated ground-glass screen 
at an air traffic control centre with a delay of less 
than half a second. The virtually instantaneous 
display is obtained by feeding or ‘“‘telemetering” 
signals to the air traffic control centre equipment 





Fig.1: A number of D/F stations are connected to a 


control centre where aircraft position lines are projected 
on a map engraved on an illuminated ground-glass 
screen of the Automatic Triangulation equipment (type 
PVT-1). In this way aircraft can be pin-pointed almost 
instantaneously. 

Fig.2: The CADF (Commutated Antenna D/F 
system) can be used in the HF, VHF and UHF 
bands. The system depends on the sequential commu- 
tation of a number of fixed antennas evenly spaced 
around the circumference of a circle. In the VHF and 
UHF versions ground effects are eliminated by means 
of horizontal metal grids. 





from up to ten automatic direction finding sta 
tions. Such a network is capable of providing 
position information to aircraft flying in an area of 
some 60,000 square miles. 

The duration of the radio telephone message 
from the aircraft need be no longer than the time 
required to establish its identity, and aircraft 
positions can be passed back by the ground 
controller in less time than is normally required 
to obtain a single bearing by a manual direction 
finder. 

The Automatic Triangulation equipment shown 
in Fig. /, designated the type PVT.1, is primarily 
designed to operate in conjunction with VHF 
and UHF direction finders. The D/F stations 
in the network can be any distance from the 
control centre. By installing a special telemeter 
sending equipment at each station relevant 
signals are passed to the control centre over tele- 
phone lines. Seven VHF automatic triangula- 
tion networks of this type are now operating in 
the United Kingdom, two in Holland and one in 
Belgium. 

The ability to pin-point and identify almost 
instantaneously a jet aircraft flying at supersonic 
speed can be considered not only as a very impor- 
tant step forward in the science of direction find- 
ing, but providing as it does extremely valuable 
information to any aircraft flying in the service 
area, as a major advance in the field of radio aids 
to air navigation. 


The greater part of the communication with 
aircraft is carried out on a band of frequencies 
within the Very High Frequency range, namely, 
the band of 100 to 156 megacycles per second— 
roughly 2 to 3 metres wavelengths—which has 
been assigned for the purpose. The types of direction 
finder so far mentioned are all constructed for use 
in this band. An important characteristic of these 
VHF radiations is that they proceed outwards 
in practically a straight line and only to a very 
limited extent are capable of bending around the 
curvature of the earth’s surface. Consequently, 
communication is restricted to little more than 
what is usually called “‘line of sight’’, i.e., to a 
distance at which the aircraft would be just 
visible above the horizon if the atmosphere were 
perfectly clear. For an aircraft flying at 5,000 feet 
above ground this distance is approximately 100 
miles. 

For aircraft flying busy air routes over popu- 
lated lands, this restricted range is not a serious 
drawback, since ground radio stations are spaced 
less than 200 miles apart so that the aircraft is 
always within range of one of them. Where 
flights have to be made across large unpopulated 
regions or over oceans such as the North Atlantic, 
a long range radio system is obviously essential. 
For this purpose high frequencies in the band 
from 2 to 18 megacycles per second—17 to 150 
metres—have to be used. Although much less 
steady and reliable than VHF signals they have 
the property that under suitable conditions their 
range can be almost world wide. 
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Engineers of Standard Telephones and Cables Ltd. 
successfully used their new CADF (Commutated 
Antenna Direction Finding) system to track the first 
Russian satellite. As the transmitting frequency of 
the satellite was 20.005 Mc/s, use was made of an 
equipment covering the band 2 to 30 Mc/s; the an- 
tenna system consisted of a ring of 24 antennas 10 
metres high symmetrically disposed around the peri- 
phery of a circle 100 metres in diameter, with a single 
auxiliary antenna within the array. Its base-line or 
aperture was ten wavelengths at 30 Mc/s, or 6.7 wave- 
lengths at the satellite frequency. 

For tracking purposes three parameters were re- 
corded on a time basis, namely Doppler frequency 
(fig. 1), bearing (fig. 2) and signal strength (fig. 3). It 
should be noted, however, that the Doppler frequency 
was relative to an arbitrary beat frequency oscillator 
setting. 

An inspection of the results reveals certain inter- 
esting features: 


- The points of inflexion of the Doppler and bearing 
plots differ in time by amounts considerably greater 
than can be explained on the basis of the angle of 
climb of the satellite at the point of observation; a 
phenomenon which could be explained by refraction 
of the signal in a part of the ionosphere which is not 
horizontally stratified. 

- The Doppler curve is not smooth, but contains many 
irregularities, during some of which at least two 
Doppler tones could be heard. These irregularities 
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First Russian Satellite Tracked by CADF System 


are associated with fluctuation in bearing and signal 
strength indicating different paths of propagation. 

- The records of signal strength show rhythmic fades 
of approximately fourteen a minute as the satellite 
approached; this was related to the Cavendish 
Laboratory's conclusions that the satellite was 
rotating at seven revolutions per minute. 


It should be noted that in all cases on the south- 
west-northeast transit the signal was received for as 








long as 30 minutes before the point of nearest ap- 
proach, but for only a few minutes afterwards, there 
being a sharp drop in strength at the ‘‘overhead” 
which did not recover. 

As fig.1 reveals, the Doppler shift was roughly 
1,000 c/s. Ignoring the angle between the velocity 
vector of the Sputnik and the direction of reception, 
velocity is calculated as 500/20,005,000 times the speed 
of light, or 7,500 m/sec, a figure which is very close 
to the actual orbital velocity. 
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The value of direction finding from the ground 
as a general aid to navigation and particularly as 
a means of locating aircraft in distress, is clearly 
even greater in the case of long distance flights 
than for short air routes. Consequently the quest 
for a reliable and accurate HF direction finder 
has for long past been extremely keen. The 
inherent difficulties of direction finding in the HF 
range are, however, so great that hitherto no 
really satisfactory solution has been found. 

An attempt to analyse all the causes of error in 
HF direction finding would be too involved. 
Suffice it to say that the greatest difficulty results 
from what is known as multi-path propagation; 
Signals arriving simultaneously at the receiving 
Site at slightly different azimuth angles. This can 
be caused by multiple reflection between the 
ionosphere and the earth. 

It can be shown theoretically that errors due to 
multi-path propagation are reduced as the ‘‘aper- 
ture” of the aerial system (i.e., its dimensions 
relative to the wavelength used) are increased. In 
the case of the well-known Adcock aerial, how- 
ever, certain other factors limit the maximum 
Spacing of the vertical elements to approximately 
One-third of a wavelength. Consequently the line 
along which further progress can be foreseen is in 


the use of a multiplicity of aerial elements, cover- 
ing a wide area. 

An entirely revolutionary method of direction 
finding has recently been demonstrated which 
employs this technique. Known as the Commu- 
tated Antenna D/F System (CADF), it is 
equally applicable in the HF, VHF and UHF 
bands (Fig. 2)*. 

The major advantages of the system are reduc- 
tion of errors due to multi-path propagation, 
considerably reduced susceptibility to site error, 
increased immunity from interference and im- 
proved facility to cover a wide band of operating 


frequencies with a single aerial system. 
* 


It can be argued that radio navigational devices, 
such as area coverage systems, omni-range bea- 
cons etc. which provide simultaneous service to 
all aircraft in their area, are more economical in 
the use of the already overcrowded radio spec- 
trum than direction finding networks, in that any 
number of aircraft can use them at one time, 
whereas with D/F only one aircraft can be dealt 

* Based on principles described by Earp and Godfrey 
in the ‘*Proceedings of the I.E.E.,’’ Vol. 94, Part IIIA, 
No. 15, the system depends on the sequential commu- 


tation of a number of fixed aerials evenly spaced around 
the circumference of a circle. 


with at a time. It must be remembered, however, 
that with the former systems very elaborate air- 
borne equipments are needed weighing anything 
up to 100 Ib. and requiring specialised and expen- 
sive maintenance. The direction finder on the 
other hand operates in conjunction with the 
normal radio telephone equipment which must be 
carried by all aircraft for general communication 
purposes. With the advent of automatic triangula- 
tion, calls for D/F assistance need only be extre- 
mely brief, of less than 3 seconds duration, the reply 
being given instantaneously. The old objection 
that one D/F system can only handle a very limited 
number of aircraft is, therefore, now out of date. 

The CADF system was successfully used in 
tracking the first Russian satellite, and although 
further tests must be carried out over a reasonable 
period of time, results so far obtained indicate its 
suitability for use in an HF Automatic Triangu- 
lation System. 

A minimum of three stations sited to give ade- 
quate coverage may well provide a valuable alter- 
native position finding service for the North 
Atlantic which could be of the utmost value in 
conditions of distress and at all times as a check 
on other systems, without requiring any addi- 
tional equipment to be carried in the aircraft. 
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The increased speeds and extended ranges of 
modern civil and military aircraft have today 
created a situation where the demands on limited 
human capabilities are no longer supportable, and 
automatic flight control devices have become an 
absolute necessity. That this fact has been accepted 
is well illustrated by the contractual agreement 
between American Airlines and the U. S. Airline 
Pilots’ Association, recognizing the rights of 
Douglas DC-7 pilots to refuse to operate aircraft 
which are not equipped with properly functioning 
flight control systems. 


Automatic pilots were first introduced into air 
transportation almost thirty years ago. Today, 
this equipment has been perfected to a degree 
permitting precise control of the aircraft’s atti- 
tude, course, altitude, speed etc., without the 
necessity for the pilot to intervene in every opera- 
tion. Deviations from the required values are 
sensed and measured by control instruments, and 
commands are fed to the aircraft’s control servos 
to obtain correctional settings of the elevators, 
rudder or ailerons. A pre-requisite for the perfect 
functioning of a flight control system is obviously 
the lowest possible delay-time in the amplification 
and translation of control values into actual 
movement of the aircraft’s control surfaces, and 
this must follow in such a manner that all result- 
ing movements of the aircraft are effected 
smoothly. No less important is the question of 
limiting the forces applied to the control surfaces 
by the servos, in order to give the pilot the possi- 


Fig. 1: (left) The Lear L-102 Dual Automatic Flight Control System: 1 
main amplifier; 7 - lateral accelerometer; 8 - three-axis rate sensor; 9 - three-axis data generator; 10 


13 - course indicator; 14 - Nafli computer; 15 


Flight Control Systems 
by Collins and Lear 


bility of monitoring and, if necessary, over-riding 
the servos. 


The accompanying block diagram of the AP- 
101 Flight Control System, developed by Collins, 
illustrates the functioning of the equipment 
(fig. 4). To increase the aerodynamic stability of 
the aircraft the system employs a control circuit, 
whereby any deviation about one of the aircraft’s 
three axes is compensated for by a correction to 
the deflection of the respective control surfaces. 
Rate gyros are integrated into a 3-axis rate 
sensing unit (16) which feeds a corresponding 
command signal through a servo amplifier/ 
computer (7) to the appropriate primary servo (4) 
to effect the repositioning of a control surface. 
When the control surface has achieved the re- 
quired correctional deflection, movement is 
halted by means of the closed circuit feed-back 
system. 


Incorrect trim is apparent from residual deflec- 
tion of the control surfaces and is displayed in 
the trim indicator (10) for all three control sur- 
faces. Elevator trim is achieved automatically 
through an auxiliary trim tab servo (9). 


A further control loop serves to maintain the 
aircraft on a prescribed course. A vertical gyro 
(14) provides command signals for the elevators, 
and controls the aircraft’s climb attitude; correct 
climb attitude is maintained during turns. Correct 
altitude is automatically maintained by utilization 
of a barometric altimeter (15) to provide a control 


mitting each Flight Control System to be coupled to either Flight Reference System. 










































Fig. 3: The Collins AP-101 Flight Controller permits 
the following Mode Selection: a) GYRO: command 
signals induced from Pitch and Turn gyros for stabilizing 
the aircraft; b) HEADING: aircraft heading may be 
changed with Heading Knob and Course Indicator, and 
the aircraft will roll into pre-set bank and turn to 
selected heading; ¢c) NAV/LOC: command informa- 
tion from VOR or Localizer receivers enables selected 
omni radials or localizer interceptions to be flown; 
d) APPR: automatic glideslope integration and pitch 
trim with cross wind correction for ILS approach. 


signal; for ILS approach flight the glideslope 
receiver (11) commands are faded into the system. 

The coupling of a gyroscopic compass (12) and 
VOR/Localizer receiver (13) permits the air- 
craft to hold a prescribed heading or track and 
ILS approach path. 

Total weight of the Collins AP-101 Automatic 
Flight Control System is approximately 162 Ib. 
Maximum power consumption is 330 watts 27 
volts DC; 160 Volt Amperes at 115 volts single 
phase 400 cps. 


* 


Another answer to meet the increasing necessity 
for equipment aids has been developed by Lear 
Incorporated in the form of the Lear L-102 Dual 
Automatic Flight-Control and Integrated Flight- 
Reference System. Despite the basic paralleling of 
two complete systems the total weight of the 
equipment is under 230 Ib. 

Each system in the L-102 equipment consists of 
three major sections (fig. 1): 


- servos and capstans; 2 - to trim servo; 3 - altitude control; 4 - follow-ups; 5 - trim servo control; 6 - 
- switching rate gyro; 11 - compass transmitter; 12 - radio magnetic indicator; 
- trim indicator; 16 - flight controller and mode selector. Fig. 2 (right): Dual Reference switching arrangement in the L-102, per- 
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Fig. 4: Collins AP-101 Flight 
Conirol. System: 1 approach 
horizon; 2 - course indicator; 3 - 
gyro monitor; 4 - primary servo; 
5 ontroller; 6 - steering com- 
puter and mount; 7 - computer 
amplifier and mount; 8 - switch- 
ing unit; 9 - trim servo; 10 - trim 
indicator: 11 - glideslope receiver: 
12 compass; 13 - VOR/Local- 
izer receiver; 14 - vertical gyro; 
15 - altitude controller; 16 - three- 
axis rate sensing unit. 
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| — The Flight Direction Subsystem, in the 
pilot’s cabin, 
Il — The Flight Reference Subsystem, 
Ill — The autopilot, or automatic Flight Control 
Subsystem. 
In normal working one Flight Reference 
System is coupled to each group of indicator 
instruments in the Flight Control System. If 


system. 





required, provision is made for various cross- 
couplings which will permit each autopilot or 
Flight Control System to be switched from one 
Flight Reference system to the other. Fig. 2 shows 
a typical switching arrangement permitting each 
autopilot to be coupled to either Flight Reference 














In spite of the great progress which has been 
made in the field of Flight Control Systems, of 
which the two mentioned here are examples, the 
development of the art is by no means finalized. 
This will only be the case with the availability of 
automatic pilots which can cope with the final 
approach and touch-down equally well with or 
without the assistance of ground navigation aids. 


Dead Reckoning Made Easy 


Both pilots and navigators of today's high-speed aircraft suffer to an increasing 
extent from shortage of time. They can no longer continuously plot their track on 
a chart or repeatedly calculate new wind triangles, as in the good old days. In 
this respect the crews of military aircraft are in a particularly difficult position, as 
they are often required to fly without set plan and can make only very limited use 
of radio beacons for position finding on training or wartime flights. 


To assist the hard-pressed military pilot Canadian Applied Research Limited, 
a member company of A. V. Roe Canada Ltd. and the Hawker-Siddeley Group, 
has designed a lightweight computer, which is being installed in the Royal Canadian 
Air Force's interceptors and has recently been ordered by the Belgian Government 
for the Belgian CF-100 units. The equipment could also greatly simplify navigation 
by commercial aircraft, in particular grid navigation in the Arctic. 


The R-Theta system, as it is called, is based on a proposal by Wing Commander 
J.G. Wright, D.F.C., of the R.C.A.F., who knew from his own experience that 
military pilots are interested primarily—and constantly—in two questions: 1 - 
where is the enemy, in what direction and how far away ?; 2 - where is the home 
base and how far away? The R-Theta system provides immediate answers to both 
these questions. 


true track. 








R-Theta computer: The double pointer 
shows the aircraft’s true bearing to a 
selected ground reference point (theta); the 
central cut-out window gives the distance 
in nautical miles from this point (R = 
range); the single pointer indicates the 





Ground speed and interception com- 
puter: Used to feed values for local mag- 
netic bearing or grid variation (VAR), 
wind direction (WD) and wind speed 
(WS) into the computer, at the same time 
indicating true air speed (in knots) in a cut- 
out window. 


As a dead reckoning computer, it must naturally obtain its information from 
other airborne instruments, primarily an altitude-compensated airspeed indicator 
(for T.A.S.) and a magnetic compass or directional gyro (heading). The full 
equipment consists of three units: 


@ R-Theta computer (weight 12.5 Ib.) 
@ Ground speed and interception computer (weight 9.85 Ib.) 
@ Integrator junction box (weight 5.25 Ib.) 


The GSI computer solves the basic wind triangle (vectorial addition of true 
air speed and wind speed) in analogue form and feeds the result (ground speed 
and direction) via the integrator to the R-Theta computer. The latter then works 
out the aircraft's position in polar coordinates and displays it by means of a pointer 
(for bearing) and a counter (for distance). The pilot can change his ground refer- 
ence point at will during flight. To do this he makes a few simple settings by means 
of the two lower knobs on the R-Theta computer, which add the vector length 
and bearing. He can also switch the system to memory operation for a distance 
of 150 miles, correct it if required by means of radio bearings or landmarks, or 
compute with its aid certain interception missions against moving targets (other 
aircraft or ships). The system can be combined with Doppler radar (for accurate 
measurement of ground speed and drift). 


Navigational example for take-off from A and landing at B: Between aircraft posi- 
tions 3 and 4 the system is set to new reference point B by means of the setting knobs 
for vector bearing and vector length on the R-Theta computer. 

















New Semi-Automatic Air Traffic Control System 


es April 1957 the White House submitted to 
the Congress a report on the rational use of the 
airspace during the coming years. Prepared by 
Edward Curtis, at that time President Eisen- 
hower’s special assistant on aviation matters, 
together with the General Aviation Facilities 
Planning Group (a group of eleven scientists and 
engineers), the report recommended the creation 
of an independent Airways Modernization Board 
to coordinate all air safety research. In July of the 
same year the U.S. Senate passed a bill on this 
subject, which was then approved by the House 
of Representatives and signed by the President 
a month later. 

The Airways Modernization Board is headed 
by Elwood R. Quesada, and its other members 
are Louis S. Rothschild, Under Secretary for 
Transportation, Department of Commerce, and 
Malcolm A. MacIntyre, Under Secretary for the 
Air Force. 

To meet the problems raised by the increasing 
density of air traffic, the new Board sought, 
among other solutions, a faster method of air 
traffic control which would at the same time 
increase control capacity in the approach zone 
and en route. One of its first measures was to 
organize a contest for a semi-automatic air 
traffic control system. After examination of the 
proposals submitted, the Board awarded General 
Precision Laboratory Inc., of Pleasantville, New 
York, a contract valued at $4,272,484 for the 
design, development and construction of the en 
route portion of the AMB experimental semi- 
automatic data processing system, which presents 
certain similarities with the Hollandse Signaal- 
apparaten SATCO system described in Jnter- 
avia No. 3, 1958. The system can function with 
existing procedures and facilities and provides 
for the reception, correlation, computation, 
display and exchange of air traffic control infor- 
mation. It automatically performs the routine 
non-decision-making functions for the air traffic 
controller and automatically presents the infor- 
mation required for his decision. 


The system automatically monitors flight plans 
previously prepared and those submitted in 
flight, to provide safe, expeditious air traffic 
control. If a conflict is found to exist, it is im- 
mediately presented to the controller for cor- 
rective action. In addition the system automati- 
cally prepares flight progress strips from filed 
flight plans. 

A special flow control panel for the air traffic 
control supervisor allows him to make adjust- 
ments of traffic direction and rate, taking into 
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The air traffic control centre will house this set of equipment for teleprinter reception and feeding of flight plans into 
the computer (left), for printing and punching flight progress strips and distributing them by pneumatic tube (corner) 
to the controllers for the various sectors and for manual feeding into the computer (right) of flight plan information 


received by telephone. 














1x7 MATRIX A/C IDENT. 
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The radio sector console unit contains a semi- 
automatic flight progress board, a pictorial 
conflict display (top) and a radar supplement 
unit (right). Each of the five vertical bays of 
the flight progress board has a printing head 
which automatically up-dates the individual 
progress strips with information furnished 
by the computer. The controller also has a 
data entry keyboard (to the right, on the 
desk), with the aid of which he can feed 
required flight plan changes into the com- 
puter; the latter will then compute the data 
and print them on the strips. To the left of 
each strip are two lamps and a push button. 
One of the lamps indicates that new infor- 
mation is available for the strip, the other 
that a possible conflict exists for the aircraft 
in question. When the controller pushes the 
button, the position of the aircraft is shown 
on the conflict display. 
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Example of a flight progress strip: the individual strips are identified by means of the perforations at the two ends. 


account such factors as weather information, air- 
port traffic conditions and capacity. 

The computer portion of the system can proc- 
ess up to 400 flight plans per hour and has a 
total storage capacity of 1,000 plans. The equip- 
ment can print and distribute 1,600 flight pro- 
gress strips in an hour and can process an equal 


number of position reports and other revised 
flight data. 

Following extensive tests with the aid of a 
traffic simulator developed by Aircraft Arma- 
ments Inc., the experimental equipment is to 
be installed in the New York Air Route Traffic 
Control Center in the early part of 1960. 
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Four thousand years ago men watched from hilltops to 
seek the glint of sunlight on spear tops, or the gleam of 
a firebrand in the night that warned of danger to the 
peace of the tribe. 

Today man must seek the faint radar signal from a swift 
target, far distant in the stratosphere or slipping with 
low cunning close to earth. 

Decca Radar Limited, in co-operation with Compagnie 
Francaise Thomson-Houston and Societe Nouvelle 
d’Electronique, have designed the most advanced 
means of detecting targets at long range and of measur- 
ing their speed, direction, strength and height. A back- 
to-back aerial system for the basic plan radar and a 
3-dimensional heightfinding system place these high 
power equipments at the forefront of modern radar 
development. Performance recorded on trials shows 
that these systems will meet anticipated requirements 
for many years to come. 


Compagnie Francaise Thomson-Houston & Société Nouvelle d’Electronique 
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To date 146 Grumman Tigers have been 
delivered to the United States Navy. They 
have logged more than 15,500 squadron opera- 
tional hours and are proving themselves 

most effective fighter-bombers. One 

reason is their high speed capability at low 
altitudes and excellent maneuverability. 
Cycling tests have proved that the Tiger wings 
have a 10 year fatigue life as a low level 
fighter-bomber. 


engine can fly at Mach 2 without 
any artificial stability augmentation 
and requires only 1,500 feet of landing 
roll to stop. Designed initially for 
aircraft carriers, the Super Tiger 

is the ideal fighter-bomber for 
short field operations. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage - Long Island - New York 





Orders can be placed 

with INTERAVIA, 

Geneva (Switzerland), 

with the publishers’ agents 
in most countries, 

or with 


your bookseller. 


1,350 large-size pages (8 x 11% ins.) 


32,500 full listings of government agencies, organizations, air forces, air 


transport companies, manufacturers of aircraft, engines, missiles, equip- 


ment, airports, etc. 


More than 37,500 names and addresses 


1958 edition just out ! 


Price $12 or £4 (including packing and postage) 














The 
Atlas Story 


The testing and production of the Convair 
SM-65 Atlas intercontinental missile marks the 
culmination of one of the longest and most 
closely guarded post-war weapons projects. For 
the engineers, of course, even this 100-ton missile 
is not a final solution; apart from the Martin 
SM-68 Titan successor, there are other, still more 
modern weapon concepts in the offing. However, 
it should not be forgotten that the Atlas is both 
the United States’ first I.C.B.M. and the only 
intercontinental missile likely to be available to 
the West in the immediate future. The AZ/as will 
be operational with U. S. Air Force units in 1959. 
Strategic Air Command’s Ist Ballistic Missile 
Division, with headquarters at Camp Cooke on 
the Pacific coast, has already been set up, and the 
construction of launching platforms and training 
installations at Camp Cooke and at Warren 
A.F.B., Wyoming, has begun. The A//as is being 
incorporated into S.A.C.’s arsenal. 


* 


What is probably less well-known, however, is 
that this ambitious Air Force project goes back 
to October 31st, 1945. On that day the Air 
Technical Service Command invited the industry 
to a discussion of a far-reaching research and 
development programme for guided missiles, 
under which a long-range weapon with a range 
of at least 5,000 miles was to be created. The 
magnitude of the task can be judged from the fact 
that all the engineers had to work on at that time 
was the 200-mile German V 2. 

In January 1946 Convair submitted a formal 
proposal, in April the same year the U.S.A.F. 
awarded a development contract, and the next 
year Convair built several prototypes of an experi- 
mental vehicle which already embodied several 
features of today’s Atlas. This was the MX-774 
Hiroc, a single-stage vehicle which was built 
under the direction of Karel J. Bossart (now 
Technical Director of Convair-Astronautics). 
Static tests and three experimental launchings at 
White Sands revealed that the design was on the 
right lines. It incorporated: 

1—Swiveling motors for directional control of 
the whole missile. The V2 used movable graphite 
vanes in the jet stream to control flight; the 
resulting thrust losses were, however, consider- 
able. 


2—Separable nose cone, initially to permit 
parachute recovery of recording instruments, 
later retained to simplify aerodynamic problems 
on re-entry. 


3—Lightweight structure, thanks to the fact 
that only the nose cone was required to withstand 
the high stresses occasioned by re-entry. The V2 
had used steel skin and steel framework, with 
separate internal tanks for the propellants. The 
MX-774 was fabricated of light aluminium alloys, 
and the missile skin served as wall of the pro- 
pellant tanks. 


The MX-774’s powerplant consisted of four 
rocket motors whose axes of thrust could be 
changed independently to control pitch, yaw and 
roll. In June 1946 Reaction Motors Inc. received 
a contract to supply these motors, which also 
proved to be fully reliable in the MX-774 tests. 
Beginning in 1949 a single gimbaled engine con- 
trolling pitch and yaw was tested in the Navy’s 
Viking. 

With the last MX-774 launching in 1948, the 
I.C.B.M. development programme officially came 
to a standstill. The defence fund cutbacks of 1947 
led the Air Force to shelve the ballistic missile 
and concentrate on interim strategic weapons that 
might be perfected sooner. However, the team 
of engineers led by Bossart continued its research 
with Convair funds, concentrating on such aspects 
as staging techniques, guidance, propellant com- 
binations and warhead re-entry. 























One result was a proposal of May 1949 for a 
2,000-mile glide rocket with 6,000-lb. warhead, 
using multiple swiveling motors. No development 


or construction contract was awarded, however. 
The engineers and scientists in the I.C.B.M. pro- 
ject group took on other work within the Convair 
Division: missiles for the U.S. Navy, new fighters 
for the Air Force and the first supersonic bomber. 


Meanwhile, however, the Korean War had 
broken out. The U.S.A.F. made strenuous, and 
ultimately successful, efforts to obtain increased 
funds... 
taken up again. Bossart hastily assembled a force 


and overnight the Atlas project was 


of some fifty MX-774 veterans and started in to 
investigate the respective merits of ballistic and 
glide rockets. By September 1951, Convair had 
settled on the ballistic type, a design correspond- 
ing in structure and configuration to today’s 
Atlas. The project was named MX-1593. Mean- 
while, the Atomic Energy Commission revised 
certain warhead limitations to permit greater 
latitude in nose cone design. The fuel chosen was 
a gasoline-like hydrocarbon, known as RP-1, and 
North American Aviation, the engine contractor, 
agreed to convert its experimental powerplants to 
this propellant, so that the propulsion system also 
began to take shape. 

In late 1952 and early 1953 a committee of the 
Air Force Scientific Advisory Board, headed by 
Dr. C. B. Millikan, reviewed Convair’s I.C.B.M. 
programme and unanimously concurred on its 
technical feasibility. In June 1953, Bossart and 
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W. H. Patterson, assistant project engineer, pre- 
sented the outline of an accelerated programme to 
the Assistant Secretary of the Air Force for 
Research and Development. Key points of this 
proposal were a new blunted nose cone concept 
(to slow re-entry and lessen warhead heating) and 
a broadening of the accuracy requirement. In the 
autumn of that year, a civilian committee headed 
by Dr. John von Neumann evaluated the Aflas 
(rocket-powered ballistic missile), Snark (jet- 
powered missile) and Navaho (ramjet-powered 
missile) projects, and recommended a step-up of 
the entire I.C.B.M. programme. In 1954 the Air 
Force officially approved the accelerated pro- 
gramme, and the same year work progressed to a 
full-scale mockup and fabrication of a full-scale 
tank. 


The present configuration was not arrived at, 
however, until after the American “thermonuclear 
breakthrough”, which enabled smaller, 
powerful warheads to be built. This led to a re- 
design of the Aflas to produce greater range. The 
SM-65B Atlas production version with nose cone 
by General Electric will have a range of more than 
5,500 nautical miles, according to Major General 


more 


Bernard Schriever. 


In January 1955 Convair received a new Air 
Force contract, permitting production prepara- 
tions to be made, factory space to be cleared at 
the San Diego plant, and pilot production to be 
started. The first XSM-65 test vehicle was com- 
pleted in August 1956 for captive testing; in June 
1957 the first flight missile was test launched at the 
Air Force Missile Test Center, Cape Canaveral, 
Florida. Other test launchings have been carried 


out since. 


A Convair I.C.B.M. test stand at Sycamore Canyon, near San Diego. Right of the test rig an Aflas 
rocket, covered by canvas wraps, on the special trailer for road transport. 
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Prototype of the Convair MX-774 Hiroc, a predecessor 
of the Allas. 








Leading data on the Atlas 


Prime contractors for Ramo-Wooldridge Corpora- 


the entire WS-107A 
weapons system 


tion, Los Angeles 
Convair, San Diego 


Main subcontractors for: 


Airframe and control 
system 
Propulsion system 


Radio/inertial guidance 
system 


Nose cone 

Warhead 

Fuze 

Auxiliary power units 
Length ; ‘ 
Diameter .. . 

Max. width ..... 
Launching weight. . 
Design range . . 


Convair, San Diego 
Rocketdyne Division, North 
American Aviation Inc., 
Los Angeles 


General Electric Company, 
Syracuse, N. Y. 

Burroughs Corp., Paoli, 
Penna. 

General Electric Company, 
Schenectady, N.Y. 

Atomic Energy Commission, 
Los Alamos 

Sandia Corp., Albuquerque, 
New Mexico 

American Machine and Foun- 
dry Co., Pacoima, Calif. 


approx. 80 ft. 
approx. 11 ft. 
approx. 18 ft. 
approx. 200,000 Ib. 
5,500 nautical miles 














Meanwhile, Convair has erected a new 
$40,000,000 plant at Montgomery Field, San 
Diego, which will shortly be housing the entire 
Astronautics Division and its nearly 7,000 em- 
ployees. This plant will take over production of 
the Atlas, which meanwhile is continuing at Con- 
vair Plant I, in San Diego. Convair has also 
constructed at Sycamore Canyon, about 20 miles 
northeast of San Diego, a test site with two 100-ft. 
test stands, a number of workshops, laboratories 
and propellant stores for 30,000 gallons of liquid 
oxygen and 16,000 gallons of fuel for the static 
testing of complete Aflas missiles. Similar test 
facilities are also available at Edwards Rocket 
Base. Unlike an aircraft protype, an interconti- 
nental rocket cannot be tested by a long series of 
consecutive flights, but each model can be laun- 
ched only once. Hence the special importance of 
captive tests with engines in operation. At a typi- 
cal Sycamore complex, 19,000 wires connect the 
heavily instrumented missile to control panels 
and a roomful of oscillograph and other recor- 
ders. A full-scale ground test of all missile systems 
may last 10 hours or more, and culminate in a 
minute or two of rocket engine firing. 


* 


The configuration of the Atlas is revealed by 
the accompanying pictures. The nose cone 
housing the thermonuclear warhead consists of 
a blunt nose proper with a relatively large radius 
of curvature (roughly 20 inches) and a conical 
portion with longitudinal corrugations. The nose 
portion is said to have a dielectric skin to reduce 
radar echo strength. The corrugated surface of 
the conical portion also has a reduced reflecting 
capacity, as well as contributing substantially 
towards stabilization on re-entry and towards 


Static testing of the Aflas propulsion system in one of the two Convair 


test stands in Sycamore Canyon. The steel flame deflection plates under- 
neath the test stand must be cooled by 30.000 gallons of water a minute 


to prevent them from melting. 
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An Atlas rocket, resting on the trailer cradle, is erected 
on the launching platform in front of the service tower 
by means of two cables. 


overcoming the tremendous friction heating. The 
next conical portion and the cylindrical body 
down to the engine bulkhead form giant pro- 
pellant tanks (capacity some 13,000 gallons of 
liquid oxygen and 8,000 gallons of RP-1). The 
tank walls, which also form the body skin, are so 
thin that they would collapse under the effects of 
the launching acceleration if they were not stiffe- 
ned by a considerable internal pressure. Even for 
ground transport on the special trailer the tanks 
must be maintained under pressure, i.e., “‘in- 
flated”’. On either side of the cylindrical body is a 
long fairing, tapering towards the top but widen- 
ing out at the missile rear into conical cowlings 
for the two booster motors. These fairings house 
a series of electronic equipments and the most 
important components of the radio inertial guid- 


ance system in pressurized and air-conditioned 


containers. 


The Atlas propulsion system deserves special 
attention. Each of the five rocket motors has a 
specific task to perform. The two boosters, each 
with a thrust of 165,000 lb., raise the missile from 
the launching platform and carry it along the 
prescribed trajectory to altitude. To control the 
missile and maintain directional stability, the 
gimbal-mounted engines can be swiveled with the 
aid of struts controlled by servos leading from the 
missile guidance system. The pneumatic system 
works on helium and vaporized liquid nitrogen. 
The sustainer engine, also swiveling and with a 
thrust of 65,000 lb., is mounted centrally in the 
rear, slightly above the two boosters. It is fired at 
the same time as the boosters, but continues alone 
after the latter burn out. For stabilization about 
the roll axis, there are two gimbal-mounted 
auxiliary motors (vernier rocket engines) at 90 
degrees to the boosters above the main engine 
bulkhead, one on either side of the cylindrical 
tank body. These engines also provide the final 
speed adjustments after burnout of the sustainer 
engine. All five rocket motors in the Atlas operate 
on liquid oxygen and RP-1, and combustion 
occurs at temperatures above 5,000 degrees 


Once the Atlas is in place and launching preparations 
have been completed, the service tower is rolled away. 


Fahrenheit (2,750°C). All are cooled on the 
regeneration principle by the fuel, which flows 
through the double walls of the combustion 
chamber under high pressure—a process which 
was successfully used in the German V 2. 


ce 


One basic innovation which Convair has intro- 
duced in connection with the Atlas and which has 
since been used with other ballistic missiles is the 

zusa electronic tracking system. Tried out ini- 
tially with the MX-774, the system enables the 
missile’s speed and position to be determined 
throughout its trajectory. Most important com- 
ponents are a ground station with eight antennas 
forming a cross, a transponder in the missile, 
an I.B.M. 704 computer and a panel to show the 
missile coordinates. 


2 oe 
Launching of an Atlas from the platform at Cape Cana- 
veral. 


What of the AZ/as future? As already mentioned, 
it is to go into service with Strategic Air Com- 
mand in 1959. Beyond this, it is planned to use 
the long-range rocket as carrier in a number of 
satellite projects, including the U.S. Air Force’s 
unmanned observation satellite now under deve- 
lopment. Appearing before a Congressional com- 
mittee in January 1958, Krafft A. Ehricke, assis- 
tant to the Technical Director of Convair-Astro- 
nautics, described a plan for a space research pro- 
gramme based largely on the Aflas as booster. 
This programme would enable a manned satellite 
capable of returning to earth to be launched 
within a relatively short time. 


At any rate the tenacious efforts of Convair 
and the U.S.A.F. in the creation of the Atlas have 
paved the way for man’s advance into space. 


Carried on a special trailer, the Aflas is rolled up a ramp to the launching platform. 
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I takes a hale and hearty pedestrian ten 
minutes to pace out the 2,300-ft. length of 
the new International Arrival Building at 
New York’s Idlewild airport. Incidentally, 
the Americans no longer call their biggest 
airport Idlewild. New York International Air- 
port is the name which the Port of New 
York Authority has chosen. Already by far 
the biggest airport in the world, New York 
International is still being expanded. For the 
Port of New York Authority planners 
“tomorrow is today”, and the time for 
future planning is now. A scant sixteen years 
ago what is now New York International Air- 
port was a marshy tidelands: today the run- 
ways, parking areas, hangars, aprons, ad- 
ministrative buildings and parks cover an 
area equal to that of all Manhattan Island. 
It employs 18,000 people, enough to populate 
a small city, and has more traffic and pas- 
senger movements than any two other air- 
ports in the world. 

The Port of New York Authority’s activi- 
ties are by no means restricted to management 
of the area’s airports. Most of the port 
installations, two of New York’s longest 
bridges, grain, freight and bus terminals, and 
a helicopter landing site also fall within 
P.O.N.Y.A.’s competence. Of late the Autho- 
rity has directly extended its operations to the 
European scene, by opening offices in London 
and Zurich. 

Last year the airport handled some 
170,000,000 Ib. of air cargo and 46,000,000 Ib. 
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of airmail. It had more passenger movements 
than Switzerland has people, namely 5,440,000. 
Of this total roughly 1,800,000 came from 
overseas. 

Among their other tasks, the European 
offices will counsel all present and potential 
users of the airport and other P.O.N.Y.A. 
installations on how to get the best use out 
of New York International’s facilities. The 
Zurich office, which will be known as the 
Continental Trade Development Office, will 
be directed by Carl J. Barfoed, who has 
worked in foreign trade and shipping for the 
past twenty-five years. His office will be 
responsible for the development of trade 
between the Port of New York on the one 
hand and Switzerland, France, West Germany, 
Denmark, the Netherlands, Belgium, Italy 
and Austria on the other. The London 
office, headed by Charles S. Devoy, will deal 





Charles S. Devoy, manager of the Port of New York 
Authority’s London office (left) and Carl J. Barfoed, 
manager of the Zurich office. 


ternational Airport 
Moves... to Europe 


with Spain, Portugal, Norway, Sweden, Fin- 
land and the United Kingdom. 


* 


To return to the New World, the far- 
sighted and extremely practical layout of 
New York International merits attention. 
The passenger-handling facilities have already 
been described in these pages (Interavia No.9, 
1957, and No. 1, 1958). The technical instal- 
lations include notably storage facilities for 
4,880,000 gallons of fuel, and a central 
heating and refrigerating plant which services 
the whole vast installation. There is an inter- 
national air cargo centre in an 80-acre area 
containing four cargo buildings each 750 by 
80 feet and a two-storey cargo service build- 
ing. 

The four runways are 200 feet wide with 
50-foot paved shoulders on each side, and 
range from 7,850 feet to 9,500 feet in length. 
All of the runways are equipped with high 
intensity runway lights, and the instrument 
runway has the latest type of high intensity 
centreline approach lights at the southwest 
end, installed and operated by the Civil 
Aeronautics Administration. A similar sys- 
tem is now being installed at the northeast 
end of the runway. A second instrument 
runway, parallel with the present one, is 
being constructed at the cost of $12,000,000. 

Almost as much care and thought has 
been given to the housing, servicing and 
dispatch of the aircraft using the airport as to 
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Control tower and central lobby at New York International Airport. The central lobby of the International Arrival Building. 


its passengers. At present there are ten han- 
gars, and three more are under construction. 


The cost of the new structures is put at 
Taxiways, aprons and terminal building for international services. Centre: the eleven-storey control tower and, in front 


$45,000,000 each. Three of the existing of it, the International Arrival building with entrance arch. The long wings on either side house passenger handling 
and administrative offices for 15 foreign airlines; the U-shaped portion with two fingers extending towards the airfield 


structures are the largest triple-hinged steel contain premises for the customs, immigration and health authorities, that is to say, for incoming passengers. A 
generous system of roadways (rear) links the international terminal area with the sites for the U.S. airline buildings, 


arch hangars in the world, each 300 by 218 to be erected in a broad semi-circle round the central parking area. The U-shaped building in the rear (right) is for 

feet. the airlines’ operations centres, 
In addition to the five-building cargo 

terminal area, the other structures in the 

“‘non-passenger”’ part of the airport include 

a Federal building, four industrial buildings, 

a high-pressure pumping station, the world’s 

tallest control tower with a public observation 

deck on the tenth floor, a garage for fuel 

trucks, fuel storage facilities with a total 

capacity of over 4,880,000 gallons, and the 

operations building. The facilities offered to 

passengers in Terminal City, described in an 

earlier article, are connected by ten miles 

of roadways, seven miles of taxiways, and 

have a parking space for 6,000 ‘cars and a 

landscaped International Park with pools and 








fountains. 

The story of this ‘aerial gateway to the 
United States” is a fabulous one. In 1942 it 
did not exist at all and only became opera- 
tional in the summer of 1948. Some 
$235,000,000 has since been spent on its 
construction and development. During its 
first full calendar year of operation it handled 
only 222,620 passengers and 9,159,766 lb. of 
air cargo. Both figures have since increased 
over twenty times, and by 1965 passenger 
volumeis expected to have grown to 13,000,000. 
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Automation 





As long as man exists he will always strive 
to reduce still further the cost in energy, time 
or material required to fill his needs. In the 
language of the engineers, this is known as 
rationalization. The aim is always to cut down 
this cost for a given output already achieved, 
or conversely to obtain a higher output from 
the same exertion. 


For about the past decade the engineers 
have not only talked about rationalization, 
but of automation, and a wide-spread impres- 
sion has grown up that this is something 
entirely new. In fact automation is merely a 
new stage, or better a higher level, of ration- 
alization. 

The first men used only their hands for 
their work. Gradually they invented tools 
and learned how to use them most efficiently, 
and finally they passed on part of their work 
to machines. Automation means building a 
machine in such a way that it can not only 
carry out a series of processes independently, 
but that it can be automatically loaded and 
unloaded by means of remote control systems. 
Full automation of a production run means 
in addition that all processes from the raw 


Fig. 1: Components of a carrier frequency equipment, 


Rationalization and Automation in the Production 


of Communications Equipment 


By Dipl.-Ing. W. Koch, Telefunken G.m.b.H., Berlin 


material to the finished product are super- 
vised by control systems, the results of indi- 
vidual processes or complete components are 
automatically checked, worn tools are auto- 
matically regulated, or machines automati- 
cally shut off in the event of rejects. 


Whereas rationalization can often be car- 
ried out at little cost in money, automation 
generally involves costly investment in new 
machines. Thus, if it is to be economical, it 
will be limited to mass-production goods or 
large-scale output of products of constant or 
similar design. 

An attempt is made in the following, with 
the aid of a number of characteristic examples, 
to outline the present position as regards 
rationalization and automation in the pro- 
duction of communications equipment. This 
branch of production includes installations 
and instruments used in broadcasting, televi- 
sion, wireless communications and traffic con- 
trol at sea, on land and in the air, as well as 
their components, including electron tubes 
and semi conductors (diodes and transistors). 


Depending on the volume of demand, 
these equipments are manufactured in small 
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batches (giant transmitters, giant receivers, 
surveillance and precision approach radars), 
in large batches (ships’ transmitting and re- 
ceiving installations, traffic receivers, D/F 
equipment, R/T installations, radio links, 
carrier frequency installations) or by mass 
production methods (radio and television sets; 
receiver, picture and oscillograph tubes). 


As a general rule, the greater the number 
to be produced, the more economical pro- 
duction can be. Any attempt at rationalization 
must therefore begin with a study of how the 
number of different types can be reduced by 
standardization, so that production runs can 
be increased. The breaking down of products 
into assemblies and sub-assemblies serves the 
same purpose and is a process which can 
be used profitably even when production 
runs are short. An example is the structure of 
a carrier frequency installation (fig. 1). 


Carrier frequency equipments contain com- 
ponents of differing electrical design, to meet 
differing applications, and are built up of a 
number of racks. Each rack contains plug-in 
assemblies (fig. 1, bottom) with standard 
external dimensions. Inside these assemblies 
the various components (top right) are 
mounted on base plates. Several components 
are grouped together (top left) according to 
their electrical functions. The system of 
breaking down the complete equipment into 
assemblies and sub-assemblies thus means 
that all parts and components can be produ- 
ced in large numbers, so that substantial cost 
reductions can be achieved. To take one 
example, several thousand of the basic ver- 
sion of the base plate can be manufactured. 
Production on this scale permits the use of 
tools which greatly reduce manufacturing 
costs. The only difference in the base plates 
for the various components is in the position 
of the holes for mounting the electrical parts. 
Several hundred of each type of base plate 
are required, so that here too special tools 
are an economic proposition. The holes, of 
different shapes and different arrangements 
for each type of base plate, are cut by means 
of universal group punchers, in which the 
required cutting pattern is obtained by ex- 
changing a pressure plate in the stamping 
head, without taking the machine out of 
service. Thus the machines are designed so 
that they can be used for a variety of punched 
base plates, at the same time economising on 
setting up time. This is an important measure, 
which also contributes towards cost cutting. 
Revolving presses controlled by means of a 


























Fig. 2: Manufacture of printed circuits by the offset 
printing method, 


pantograph and templates can also be used 
with advantage for perforating base plates or 
similar parts. 


In the same way it is today common 
practice to build up large transmitters, 
receivers and many other communications 
installations and instruments on the sub- 
) assembly principle. The breaking down of 
, the design into standard assemblies and the 
. widest possible utilization of standard parts 
) result in more economical manufacture and 
) simplify plant organization, e.g., as regards 
the orders, transport and stores systems. 


* 


Even today, final assembly is frequently 
carried out by hand. This ties up a large 
) number of workers and is also very costly 
because of the hand work involved. Pro- 
ductivity can be improved only if assembly 
work can be entrusted to machines. Before 
} this can be done, however, a given product 
) must be produced in large numbers, without 
r modifications. Equipment which fulfils this 
) 


requirement includes radio and television 
receivers. 


Until quite recently it was customary to 
attach the electrical components, such as 
resistances, condensers and tube holders, to 
a chassis and then to connect them by means 
; of insulated wires. Connecting points were 
soldered individually by hand. Any attempt 
to have such work done by machines or to 
automate it encounters serious difficulties. 
An economic way of doing this has been 
introduced in recent years by the printed 
circuit, which is today used in many com- 
‘ munications equipments. In printed circuits, 
the electrical circuits are superimposed in the 
form of metallic layers on the plane surface 
of a plastic board. There are many different 
methods of obtaining the circuits, the most 
common of which are probably the plating 
and the etching methods. In both cases the 
circuit is printed on the suitably prepared 
board surface by methods common in the 
printing trade (screen printing, photo-copying 
or offset printing). 





In the plating process the board carries a 
bonding layer and on this a roughly 0.00004- 


Fig. 3: Etching installation for printed circuits. 


inch foil of silver. Next all parts of the sur- 
face which are not to carry the circuit are 
covered with an insulating ink, and a 0.003- 
inch layer of copper is plated on to the non- 
treated portions. Finally the printed silver 
layer, which has taken up no copper, and the 
underlying bonding layer are washed and 
brushed off, leaving only the copper circuit. 


The etching process starts with a board 
coated with a 0.0015-inch layer of copper. 
Between the board and the copper foil there 
is also a bonding layer, but in this process 
the conductors are printed with an in- 
sulating ink, and the copper not required for 
the conductors and hence not printed is 
etched away. Fig. 2 shows the printing of 
chassis plates for a communications equip- 
ment on copper-coated board by the offset 
printing process. The dimensions of the plates 
are selected so that eight plates fill the sur- 
face normally to be printed by the offset press. 
Fig. 3 shows an automatic etching equipment, 
in which the printed plates are etched, rinsed, 
washed and finally dried by warm air in four 
successive containers. Two plates hang in 
each frame, in which they pass successively 
through the four processes. 


Fig. 4: Automatic machine for the manufacture of 


miniature tube bases. 
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The standard plates carrying the final 
circuit pattern produced by the etching 
method are cut into individual plates and 
punched for the insertion of electrical com- 
ponents. The plates then go to the assembly 
lines, where parts are placed into the punched 
holes either by hand or by parts insertion 
machines in such a way that they are on the 
opposite side to the circuit pattern. Next the 
ends of the wires are cut off automatically 
in a machine and bent against the chassis 
plate. The plates finally run through a dip 
soldering machine, where the solder points 
are cleaned, dried and dip soldered. Circuit 
pattern and solder points are automatically 
sprayed with a protective varnish, after which 
the plate is ready for installation. 


Advantages of printed circuitry and dip 
soldering are not only lower costs but also 
more reliable soldering (than by the hand 
method) and hence greater operational 
reliability, also more regular quality and 
greater ease of repair. Today relatively simple 
equipment is available for the production of 
printed circuits and for dip soldering, so that 
these processes can profitably be used even 
for small-batch production. In such cases, 
however, it will be cheaper to insert the 
electrical parts by hand. 


* 






Rationalization also demands that finished 
articles should be machined only where it is 
indispensable for operating reasons. Equip- 
ment must also be space and weight saving. 
This is particularly important in equipment 
for airborne use, since any reduction in equip- 
ment weight enables a many times bigger 
saving to be made in the aircraft’s overall 
weight. Thanks to the invention of semi- 
conductor diodes and transistors which, 
unlike normal electron tubes, neither require 
heating current nor produce great heat, it is 
today possible to produce communications 
installations and instruments which are 
considerably lighter and less bulky than those 
in common use only a short time ago. 


























In manufacturing the constant aim is 
increasingly to replace hand work by machine 
work and the simple machine by high-per- 
formance machines. For example, parts have 
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hitherto normally been painted by means of 
compressed air sprays, which pulverize the 
paint but entail substantial paint losses. The 
excessive paint settles on the frames carrying 
the parts and on the walls of the paint shop. 
These must therefore be cleaned from time 
to time, at additional cost. 





Considerable savings can be effected by 
use of the various electrostatic paint processes. 
In these systems an electrostatic field is set 
up between the paint spray at one pole of a 
high-voltage D.C. source and the parts to 
be painted, at the other pole. The paint 
particles follow the lines of force, so that no 
paint is wasted; field strengths required vary 
between 2 and 4 kV/cm, depending on the 
process used; paint utilization up to 98 per- 
cent; saving compared with conventional 
paint methods more than 50 percent. There 
is no need of either a compressed air system 
to pulverize the paint or a suction system. 
In addition, man-hours are saved, as the 
parts for painting can be automatically pas- 
sed in front of the paint sprays on conveyor 
belts. 


* 


The manufacture of radio and amplifier 
tubes offers excellent scope for rationalization 
and automation. 


A radio tube consists in essentials of 
heater, cathode, grid, anode, one or more 
screens, a base and the glass bulb. In view of 
the limited life of tubes, international stand- 
ards for socket dimensions and external 
dimensions of bulbs were introduced at an 
early stage, to ensure that tubes can be 
readily exchanged in operation. 


Whereas the bulbs are generally produced 
in glass factories on automatic blowing 
machines, the manufacturers of receiver tubes 
normally make their own tube bases. The 
very large number required makes automatic 
manufacture very favourable. Fig. 4 shows a 
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Fig. 6: Conveyor system for picture tubes and picture 
tube bulbs. 


tube base machine, which is automatically 
loaded and unloaded. This is a rotary machine 
with 24 stations, whose loading devices 
consist of a magazine and a cylindrical con- 
tainer. The magazine feeds the sets of wire 
and the plug pins, while the container sup- 
plies the raw glass buttons by means of an 
electromagnetic vibrator. 


The base carries 7, 8 or 9 sets of wires, 
depending on its application. If for any 
reason one set of wires is not correctly 
inserted, the finished tube would be defective 
unless special measures were taken. An auto- 
matic check is therefore made immediately 
after the first station to ensure that all sets 
of wire are present. If even one set is found 
to be missing, the remainder are rejected and 
the supply of the button is stopped. Similarly 
if a second checking station discovers that the 
button has not been set in position, the 
article is rejected. If wires and button are 
correctly in place, the wires are fused in and 


Fig. 5: Automatic multi-slide machine for the production of punched parts for radio tubes. 
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the base shaped in the conventional manner. 
The tube base machine thus works almost 
entirely automatically, as it is not only 
automatically loaded and unloaded but also 
checks whether operations have been carried 
out correctly and rejects any parts revealing 
defects. 


Similar automatic machines are used for 
fusing the exhaust tube with the bulb. Many 
other parts are also manufactured by auto- 
matic processes. Examples are the spraying 
of the cathodes with the emission layer, the 
insulation coating of heaters, the manu- 
facture of grids, the fusing, exhausting and 
measuring of finished tubes. 


In the manufacture of metal parts for radio 
tubes wide use is made of automatic punching 
machines. Tubes often require not only simple 
parts but also very complicated curved or 
folded parts, whose manufacture requires 
two or more operations on ordinary machines. 
For such work automatic multi-slide machines 
(fig.5) have been found to be effective. 
These have four working shafts arranged 
horizontally in a square, i.e., four working 
directions. With the aid of simple tools, 
used successively, parts of the above-mentioned 
kinds can be produced from sheet metal 
strips in a single operation. The machines 
take a relatively long time to set up, however, 
so that it does not pay to use them unless a 
long production run is involved. 


To avoid idle time, during which material 
is neither being transported nor worked upon, 
every effort is made to keep flow as constant 
as possible. This can be achieved by forming 
the machines into lines, providing that 
operations at the various stages take a 
roughly equal time. Such production lines 
are set up in tube manufacture for fusing, 
exhausting, shaping, inspecting and packing 
of certain tube types. 

* 


Finally, a brief word should be said on 
picture tube production. Here the glass bulb 
is fairly heavy (13 to 26 Ib.), very bulky and 
fragile. To ensure good utilization of the very 
costly manufacturing equipment in a picture 
tube plant, parts must flow steadily through 
the plant, arriving at the inspection depart- 
ment and the stores as finished articles. Here 
use is made of overhead conveyor systems 
(fig. 6), with carriers designed to take bulbs 
of varying sizes. The conveyors are located 
sufficiently high above the floor that they do 
not hamper movement within the production 
shop, and are lowered for loading and un- 
loading. 

* 

The communications equipment industry 
is thus intensively engaged in rationalizing 
and automating the manufacture of the 
instruments and equipments it markets. The 
field covered by this industry is so vast 
that only a few typical examples can be 
cited; however, these examples should give 
a good idea of the present status of rationali- 
zation and automation in the industry. 
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The 
Grumman F11F-1F 
Super Tiger 


A Weapons System for Export 


- the past 22 years the U.S. Navy has bought 
the bulk of its fighters from Grumman Aircraft 
Engineering Corporation, whose chief customer 
it has been. Of late, however, Grumman has 
been turning its gaze to other countries where 
interest is being shown in the FIIF-1F Super 
The 
foreign air forces in question are not interested 


Tiger carrier-borne supersonic fighter. 
in operating the Super Tiger aboard aircraft car- 
riers, but in utilizing the aircraft’s excellent take- 
off and landing qualities, its rugged construction 
and its compact ground equipment to suit their 
own varied purposes. Representatives of the 
Japanese Air Force and of a number of European 
air forces have already had an opportunity of 
submitting the Super Tiger to a thorough testing. 
All unanimously point to the aircraft's fighter 
and ground attack capabilities under difficult 
terrain conditions and to its impressive perfor- 


mance. It is by no means surprising that an all- 








weather fighter which has been developed as a 
weapons system and, despite its supersonic 
capability, takes off and lands like a trainer 
should also arouse attention outside the United 
States. Of course, in the Super Tiger Grumman 
is not presenting its first jet fighter generation; 
the story of the FI1IF-1F begins during the 
Korean War. 

When in 1950 Russian MiG-15s and American 
F-86s were opposing each other on the Korean- 
Chinese frontier, the U.S. Navy introduced the 
Grumman F9F-5 Panther jet fighter into combat 
service. Soon this straight-wing aircraft showed 
it could stand the test, and in occasional contacts 
with MiG-15s, Panther pilots shot down 15 Rus- 
sian jet fighters without loss. In trouble-free, 
round-the-clock operation the Grumman fighters 
earned an outstanding name for reliability. By 
the time hostilities ceased in Korea, Grumman 
engineers were working on an improved swept- 


The Grumman F11F-1F Super Tiger: longer nose and larger air intakes with forward-jutting boundary layer separators (right) . . . 
The wide-span trailing edge flaps on the wings are clearly visible, 








wing version, the F9F-6 Cougar, followed by the 


F9F-8 which went into large-scale production 
at the end of 1953. The latter fighter, fitted with 
a Pratt & Whitney J48-P-8, is today in service 
on a number of U.S. aircraft carriers. 
Meanwhile, operational experience in Korea 
and new Navy specifications were being worked 
into a completely new supersonic design, which 
bears the Navy designation FI1IF-1 Tiger. The 
first Tiger prototype began flying in August 1954; 
more than 100 have since been built and today 
equip two Navy squadrons. The FIIF-1 was 
finally developed into the FI1F-1F Super Tiger 
with more powerful engine, bigger air intakes 
and a longer fuselage rear. While the Tiger uses 
the well-proven Wright J65-W-6 jet engine of 
some 11,000 lb. thrust with reheat, the Super 
Tiger has in the General Electric J79 a more 
powerful supersonic engine of roughly 17,000 Ib. 
thrust with afterburner, which suggests level 


and rear fuselage with large jet pipe section (left). 
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An FLIF-1 Tiger taking off from the U.S.S. Saratoga’s canted deck. Carrier trials gave full satisfaction. 


speeds of around Mach 2. Back in late 1956 the 
Super Tiger prototype was reported to have 
reached speeds of more than 1,220 m.p.h., and on 
April 17'", 1958 it set an altitude record of 76,828 ft. 


What does the new Grumman. supersonic 
fighter look like? Its most striking feature is its 
slender wasp waist, a sign that the area rule for 
reducing drag in the transonic range (cf. /nteravia 
No. 12, 1955, p.928 etc.) has been carefully 
observed. The long slender fuselage carries a 
multi-purpose radar and a variety of radio equip- 
ments in its nose. The cockpit canopy provides 


good visibility forwards, downwards and to the 


sides—an absolute ‘‘must” for carrier deck 


landings, but also of great value to the pilot on 


land operations. The air intake apertures on 
either side of the fuselage are larger than those 
in the original F11F-1 model and have boundary 
layer separators protruding far forwards. The 
short, extremely rugged main undercarriage is 
retracted forwards into the fuselage; underneath 
the fuselage rear is a sprung retractable skid 
which, in the carrier-borne version, is combined 
with the arrester hook for deck landings. To ac- 
commodate the General Electric J79 jet the rear 
fuselage had to be lengthened and the jet pipe 
diameter enlarged. The moderately swept wing 
carries slats and flaps covering practically the 
whole span. Lateral control is provided by 
spoilers on top of the wing in front of the flaps; 
these can be operated either singly or in unison. 


Final assembly of the Tiger (right half of picture) at the Grumman Long Island plant, 








The wing leading edge has been extended for- 
wards near the fuselage, thus reducing thickness 
chord ratio at the root and interference drag 
between wing and fuselage. The slab tailplane 
carries one-piece tabs or balancing flaps on 
either side, and the vertical tail unit has a one- 
piece rudder. 


The Jiger’s cannon (four 20-mm cannon under- 
neath the air intakes) have completely disap- 
peared in the Super Tiger, which is armed in- 
stead with two or four Sidewinder air-to-air 
missiles. The roughly 150-lb. Sidewinder with 
infrared homing head can also be used against 
sea or land targets. The two inboard rockets can 
be replaced if required by drop loads or fuel 








tanks, in which case the containers are also 
designed to the area rule. 

So far the manufacturers have released no 
precise details of the FI1F-1F’s performance. 
Some indications are to be found, however, in 
Japan’s ‘“‘Asahi Evening News” which on March 
22nd, 1958 published a series of articles in con- 
nection with the negotiations for a licence agree- 
ment between the Japanese defence authorities 
and the Grumman company under which the 
Super Tiger may be built in Japan. The informa- 
tion is based on statements by Japan’s Fighter 
Aircraft Evaluation Mission, who report that the 
first Super Tiger prototype with the General 
Electric J79-GE-7 has a radius of action of about 
530 miles and climbs to 39,000 ft. in 3.7 minutes. 
Ceiling is given as 71,000 ft. and max. speed as 
1,500 m.p.h. Take-off and landing field length, 
stated to be 5,000 ft., is no greater than that of 
the F-86F Sabre, so that the Super Tiger would 
have no difficulty in operating from N.A.T.O. 
bases in Europe. 


Grumman officials describe the Super Tiger as 
an easy aircraft to produce. The practice of 
dividing work into a large number of sub-as- 
sembly operations has been proven over many 
years and means that final assembly is rapidly 
accomplished. Also, the aircraft requires no 
precision forged parts in its production. More- 
over, Grumman had produced a grand total of 
19,334 fighters by January Ist, 1958, and in 
March 1945, during World War II, turned out 
no fewer than 658 fighters in the single month. 
Although details of Super Tiger manufacture 
have not been revealed for security reasons, there 
can be no room for doubt concerning Grum- 
man’s production experience, in the light of 
such figures. Incidentally, any teething troubles 
will doubtless have been overcome in the pro- 
duction of more than 100 of the very similar 
Tiger. The safety of the aircraft is illustrated by 
the fact that the Tigers in service with the U.S. 
Navy have so far logged more than 13,000 fly- 
ing hours without fatality. 

An idea of how Grumman envisages the licence 
contract with Japan is also given in the ‘Asahi 
Evening News” of March 22nd, 1958, which 
mentions the following timetable: a _ limited 
number of Super Tigers built in the United 
States would be ready for complete U.S. Air Force 
testing fifteen months after signing of the contract. 


The experience gained here would be passed on 
to the Japanese, so that the first Japanese-built 
fighters could be ready for flight testing 24 
months after the contract agreement. Japanese 
Defence Agency sources say that production of 
around 300 FIIF-IF’s is tentatively envisaged 
from “perhaps late 1959 through 1963” if 


everything goes according to plan. 


Lieutenant General Joseph Kammbhuber, Inspector 
General of the German Air Force, and Lieutenant 
Colonel Walter Horten (second from right) in con- 
versation with Grumman engineers during an inspection 
o! the Tiger. 


An FI1F-1 jet fighter with full armament: one Sidewinder air-to-air missile plus one auxiliary, wasp-waist container 
under each wing. 


Spoilers are provided on top of the wing for lateral control. 





Rockets, Missiles and 
Space Vehicles 


@ Research satellite projects 


Several scientific groups in government, univer- 
sities and industry (The Martin Co. in particular) 
have proposed a wide range of scientific payloads 
for advanced satellite schemes. It has been estimated 
that payloads of between 70 and 80 Ib. are sufficient 
for most scientific purposes including magneto- 
meters, mass spectroscopy and pictorial reconnais- 
sance apparatus. Reports indicate that several firms 
including Lockheed, R.C.A., C.B.S. and Perkin 
Elmer have either developed or proposed picture 
transmitting equipments, with a weight of less than 
25 Ib., and consisting of Zoomar lens scanners, a 
5W 4Mc/s transmitter and focussing apparatus. 
An additional 40 Ib. payload would be required for 
the provision of attitude control apparatus and the 
installation of a tape recorder triggered by a radar 
beacon transponder. Quite apart from testing military 
equipment items, reconnaissance satellites could be 
of great scientific value for the observation of global 
cloud cover, and ocean and air current survey. 

In this connection it is also interesting that at the 
same time work is being carried out on advanced 
versions of the Vanguard and Jupiter C satellite 
rocket vehicles, to cope with increased payloads up 
to 80 Ib. The Vanguard will reportedly be given a 
more powerful first stage (new propellants) and 
improved second and third stages; for the Jupiter C 
a first stage using Fluorine instead of liquid oxygen, 
and improved solid-propellant second, third and 
fourth stages are proposed. This new-version Jupiter 
C could carry a 100 Ib. payload into orbit around the 
earth (apogee similar to Explorer /) or could bring 
the present Explorer / payload into a more distant 
orbit with an apogee of some 10,000 miles. 


@ First U.S.A.F. satellite by end-1958? 


Reports from the States indicate that the first 
U.S.A.F. satellite may be ready for launching by the 
end of 1958, instead of in 1959 as originally scheduled. 
Total payload will be around 500 Ib. and the satellite 
will be brought into orbit by a carrier vehicle employ- 
ing an Atlas as first stage and a newly developed 
second stage. 

Meanwhile the WS-117L Pied Piper reconnaissance 
satellite, under development by Lockheed, is taking 


Special antenna for a Microlock receiver station receives over distances up to 20,000 miles 
the 1/100 to 1/10,000 watt 108.00 Mc/s signals from the Microlock transmitters aboard the 
U.S. Army’s Explorer | and Explorer /// satellites. The ground stations, developed by Jet 
Propulsion Laboratory, Pasadena, Calif., are highly sensitive phase-locked receivers which 
automatically track the satellite across the whole horizon and record the Doppler shift. 


a 
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Readying a U.S. Air Force Douglas Thor intermediate-range ballistic missile for launching at the Cape Canaveral missile 
test range: the rocket is standing on the launching platform, beneath which can be seen the deflection plates for the gases 
and propellant overflow. The maintenance gantry (rear) has already been rolled away from the missile. 


shape (cf. /nteravia No. 4, 1958, p. 343). The instru- 
ments will be housed in a separate container which 
it is hoped will be recovered after use. It is also 
planned to use the Af/as for the first stage of the WS- 
117L; the second stage will be a solid-propellant 
rocket unit—possibly the second stage of the Po/aris. 


@ Martin gets U.S. Army Pershing contract 


The Martin Co. has been named as supervising 
contractor for the U.S. Army's projected Pershing 
missile with a range of 500—700 miles. In this case 
the Army has abandoned its usual practice of allo- 
cating supervision of the development and production 


of its rocket weapons systems to Redstone Arsenal, 
with industry as subcontractors. Although the U.S. 
Army does not intend to completely drop the ‘‘Arsen- 
al concept” of the present contract system, the 
development, testing and production of the Pershing 
can be seen as a precedent for future ordering. The 
Orlando Division of The Martin Co. in Florida will be 
responsible for the entire development, test and 
production work in connection with the Pershing and 
for the necessary ancillary ground equipment. One 
of the first decisions to be made is which company 
sha!! build the solid-propellant rocket motor for the 
missile. At the moment it appears that Thiokol 
Chemical Corp. has the best prospects of securing 


A U.S. Army Lacrosse short-range surface-to-surface missile undergoes acceptance 
inspection at the Martin Company's Orlanda, Florida, plant. The 19.2-ft. Lacrosse has a solid 
propellant rocket motor and can be guided to its target with a variety of different warheads 
and in any weather. Carried, together with its launcher and guidance system, on a standard 
U.S. Army mobile carrier, the Lacrosse forms a very versatile and mobile weapon system. 








ssile 
ases 


>nal, 
J. 3. 
sen- 
the 
hing 
The 
ll be 
and 
and 
One 
yany 
the 
okol 
ring 


ance 
solid 
eads 
dard 
item. 








the necessary contract, but Aerojet General Corp. 
has also had wide experience in this field. 


e Chrysler gets further Jupiter contract: Follow- 
ing on the $ 52-million U.S. Army contract awarded 
to the Chrysler Corp. in January this year for pro- 
duction of the Redstone and Jupiter missiles the 
company set up its own Missiles Division located in 
Detroit, Michigan. Chrysler has now been entrusted 
with a further contract for maintenance and repair 
of Jupiter components; work under this contract, 
valued at $ 25,767,293, will be carried out at Chrysler's 
Sterling Township, Michigan plant. Also announced 
is the U.S.A.F. designation SM-78 for the Jupiter 
1.R.B.M. 


@ New supersonic target drone: Radioplane Co., 
a subsidiary of Northrop Aircraft Inc. has developed 
a new recoverable supersonic remote-controlled 
target drone designated Q-4A. Although bearing 
certain resemblance to the company’s Q-4 drone this 
can be considered an entirely new development. 
Compared with the earlier model the Q-4A has a more 
powerful engine unit, redesigned tail unit and wings 
and a longer fuselage (length over 35 ft.). 


@ Improved version of Bomarc: Now that the 
Boeing IM-99 Bomarc weapons system is approach- 
ing operational maturity William E. Allen, President 
of Boeing Airplane Company, has announced that 
the company is “pressing hard” on the development 
of a longer-range version of the interceptor missile. 
Although the present range of the IM-99, now in 
production. is said to have a range of approximately 
250 miles, the new version should be capable of 
ranges up to approximately 1,000 miles. It is also 
reported that the present liquid-propellant launching 
booster will be replaced by a solid-propellant unit. 

Quite recently Boeing has also announced that 
development work is being carried out in association 
with other companies on an anti-|.C.B.M. weapons 
system. 


@ Seventh Atlas launching: On April 5th, 1958, 
the seventh Convair XSM-65 At/as |.C.B.M. was test 
launched from Cape Canaveral. According to U.S.A.F. 
spokesmen this test was also over a limited range of 
“a few hundred miles’’. The weapon has not yet been 
tested over its full range. 


@ Aerobee Junior high-altitude research rocket: 
Aerojet General Corp., Azusa, has announced 
successful tests of the first prototype of a new re- 
search rocket, designated Aerobee Junior, which is 
capable of carrying an instrumental payload to alti- 
tudes of 50—100 miles. 


@ A new data processing and computation 
center has been installed in General Electric's 
Missile and Ordnance Systems Department. This 
installation will be used for processing data received 
from missile flight tests, from tests of missile en- 
vironment and components, and for scientific com- 
putations. The equipment is housed in a completely 
self-contained, insulated area of 17,000 sq.ft. and 
operates in a dust-free atmosphere. Temperature and 
humidity are held within fine limits by 18 ten-ton air- 
conditioning units. 



















































Following the ninth and last test firing of the North American XSM-64 Navaho intercontinental ramjet-powered missile, 
the U.S.A.F. has released first pictures showing details of the weapon system, since suspended. Carried on the back of a 
more than 65-ft. booster, the twin-ramjet Navaho is launched from a special platform at the Air Force Missile Test Center, 
Cape Canaveral (left). The booster (thrust roughly 440,000 Ib.) accelerates the XSM-64 to the speed required for operation 
of the ramjets. Right, the complete missile on the launching platform. At the fuselage rear between the V-Tail and on either 
side of the jet pipes are four air brakes. 


Sweden's Saab-35 Draken supersonic fighter can also be 
armed with twelve 13.5-cm unguided air-to-surface rockets 
(six under each wing) for use against ground targets. The 
rockets, developed and produced by AB Bofors, have 
slotted cruciform tail fins which fit into each other to save 
space. The lower rocket is thus suspended directly beneath 
the upper, held in position only by the interlocking fins and 
a clamp. 


Checking out a Lockheed X-17 experimental ballistic missile (left) and lifting the missile ready for launching (right). The 40-ft. X-17, weighing over six tons, has been successfully used for 
testing numerous |.R.B.M. and |.C.B.M. nose cones, and is also employed for checking components of the Lockheed Polaris ship-based missile. 
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What’s in the Air? 


Extracts from \nteravia Air Letter, daily international news digest, in English, 


French and German. All rights reserved. 


AIR TRANSPORTATION 


e@ Atlantida-Lineas Aereas Marplatenses S. A. is the 
name of a new airline which will fly on international 
and later also on intercontinental routes and which is 
being planned by a group of Argentine financiers. 
During the first phase of its development programme, 
Atlantida is to operate three triangular routes, four 
direct routes and one route to Canada: Buenos Aires 

Montevideo—Mar del Plata—Buenos Aires; Buenos 
Aires—Salta—Resistencia-Buenos Aires; and Buenos 
Aires—Mendoza-Santiago de Chile-Bariloche-Buenos 
Aires; direct routes to Cordoba and Sao Paulo, Anto- 
fagasta via Cordoba and Salta, and Rio Gallegos via 
Bahia Blanca, Trelew and Comodoro Rivadavia. The 
Canadian route will link Buenos Aires with Montreal 
by way of Santiago de Chile, Antofagasta, Cali or 
Bogota, Miami and New York. It is also planned to 
connect Buenos Aires with Rio de Janeiro, Lima, 
Caracas, Mexico City, Los Angeles, San Francisco and 
Chicago. A further development phase will be the 
inauguration of regular services to Europe via North 
Africa. The airline’s first aircraft will be five Nord 2508 
Noratlas transports. Procurement is planned of five 
SE. 210 Caravelles, five Boeing 720s and five Boeing 
707/320s. Since Atlantida does not intend to join 
1.A.T.A., fares on both international and interconti- 
nental routes will be considerably cheaper than usual. 


@ Transatlantica S. A., another new Argentine airline, 
has been authorized to operate a twice weekly Buenos 
Aires-Sao Paulo-Rio de Janeiro—Recife (or Natal) 
Dakar-Lisbon-Ziirich Service. During the first six 
months of operation, three Douglas DC-4s will be 
used, which will later be replaced by three Douglas 
DC-6Bs. Contrary to Atlantida, Transatlantica has 
the intention of joining I.A.T.A. 


@ Aerolineas Argentinas has placed an order for six de 
Havilland Comet 4s. The total value of the contract, 
including spare parts, is £10,000,000. The first aircraft 
will be delivered in December 1958, and two more will 
follow in January and February 1959. The remainder 
is due for delivery before June 1960. Aerolineas Argen- 


Nine aireraft of the Lockheed 





BB-152 four-jet transport for up to 72 passengers, built 
by Industriewerk Dresden, East Germany. Four 014 
turbines with a take-off thrust of 6,930 Ib. each, pro- 
duced by V.E.B. Entwicklungsbau Pirna, are to be 
fitted. Gross weight 88,000 to 99,000 Ib., payload 12,100 
Ib.. cruising speed 430 knots. 





Jack V. Naish, President of the Convair Division of 
General Dynamics Corporation since April Ist, 1958, and 
suecessor to General Joseph T. Me Narney. 


tinas hopes to put the first Comet into operation on a 
twice weekly service to Europe at the end of this year 


@ The Port of London Authority is considering the 
construction of a heliport at St. Katherine’s Dock 
near the Tower. Westland Aircraft Limited is also 
planning to construct a heliport in Central London 
The helicopter station would consist of a small landing 
platform built over the Thames and connected to an 
aircraft parking area on the river bank. 


@ Union Aéromaritime de Transport is considering the 
opening of a helicopter shuttle service between Orly 
and Le Bourget. It would be operated with Alouettes 


@ The new Alitalia headquarters in Rome were inau- 
gurated in mid-April. The building—Number 92 Viale 
Maresciallo Pilsudski—will house the management 
and central office of Alitalia Linee Aeree Italiane. 


e@ S.A.S.-Invest Inc., a subsidiary of Scandinavian 
Airlines System, is to construct Scandinavia’s biggest 
hotel in the centre of Copenhagen. The huge block 
will also house an air terminal, a bank, shops, a 
restaurant, bars and garage accommodation for 300 
cars. The cest is estimated at 30,000,000 Danish 
kroner (U.S. $ 4,300,000). Completion is scheduled for 
the beginning of 1960. It will have a foundation of four 
storeys (two below and two above ground) which will 
accommodate the air terminal, an air travel bureau, 
a bank, a bar, as well as a number of S.A.S. offices. 
The terminal may be opened as early as next October. 
Above it will be the 18 storeys of the “Royal Hotel” 
which will have 275 rooms and 475 beds. Every room 
will have a telephone, radio and television. 


@ Japan Air Lines is to build a nine-storey 112-room 
“Aviation Hotel” in Tokyo. The 134,000,000 yen pro- 
ject is scheduled for completion in September 1959, 
construction work to commence in May this year. 
The hotel will be operated by Japan Air Lines Hotel 
Co. Ltd., whose President is Hideki Manoguchi. 


@ The Airways Modernization Board has selected 
Atlantic City, N. J. as the site of a new National Avia- 
tion Facilities Experimental Center. Problems of pro- 
cedure and equipment needed to modernize the na- 
tion’s civil and military air facilities will be studied at 
the Center by teams of scientists, pilots, air traffic 
controllers and engineers. 


AIRCRAFT AND EQUIPMENT 


@ The Fiat G.9/ light strike fighter has been flown to 
the Pratica di Mare test centre for military testing. 
The flight from Caselle, Turin, to Pratica di Mare, 
Rome, was carried out by Fiat’s Chief Test Pilot 
Major Marsan at an average speed of approximately 
540 knots. 


@ The experimental prototype Breguet 940 has been 
rolled out from the works at Vélizy and will shortly 


family rendezvous for the formal opening of the California Division’s new $ 9,000,000 engineering flight centre. In the foreground is the F-104A 


Starfighter supersonic fighter; left to right in first row, P2V-7 Neptune anti-submarine aircraft, T2V-1 Sea Star navy jet trainer, F-94C Starfire all-weather fighter and WV-2EF 
Flying Saucer experimental airborne early warning aircraft; second row, left to right, WV-3 weather reconnaissance and early warning radar aircraft, Electra turboprop commercial! 


transport, L-1049 Super Constellation convertible passenger-cargo aircraft, and RC-121 flying radar sentry. In the distance is an Electra fuselage devoted to ‘‘torture testing”’. 
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Aircraft for civil jet services: left, production of the twin-jet Caravelle at Sud-Aviation’s Toulouse plant; right, 


Full-scale mockup of the N-156F counterair fighter under development at Northrop 
\ircraft Inc. The aircraft is designed for operation from makeshift airstrips and can 
also be launched from mobile ramps. 


endurance approx. 


undertake its first test flight (in fact by the time these 
lines appear, this may have already been carried out). 
Design work on the Breguet 941, a development of 
the 940, has now been completed. 


@ New data have been released for the Northrop T-38 
twin-jet lightweight trainer with reheat: maximum 
gross weight 10,960 Ib.; span 25 ft. 3 in.; length 43 ft.; 
height 11 ft. 11 in.; range more than 1,000 nautical 
miles. 


@ Production of the Hughes 269A two-man light heli- 
copter which has been ordered by the U. S. Army has 
begun at the Culver City plant of Hughes Tool Co., 
Aircraft Division. The helicopter, which is fitted with 
a 180h. p. Lycoming 0-360 engine (derated to 160 h.p.), 
has an empty weight of 890 Ib. and carries a useful 
load of 660 lb. Maximum speed 78 knots, cruising 
speed 65 knots, range in cruising flight 130 nautical 
miles. 

@ The U.S.A.F. has eliminated the photo reconnais- 


sance requirement capability for the Convair B-58 
Hustler. It is believed that the Republic F-105, now 


“system Hofmann” helicopter ground trainer, which has 
been adopted as standard equipment by the helicopter 
pilot and engineer school of Deutscher Helikopter- 
Dienst, Rietdorf KG. All patents for this trainer, which 
operates entirely non-electronically, are held by the 
Stuttgart firm of Bélkow-Entwicklungen, which devel- 
oped and built this first prototype. 


Bristol Aero-Engines Ltd. opened a new high altitude test plant at the beginning of April. Altitudes of up to 100,000 ft. 


the testing of complete engines. Left, external view of the installation; right, the main control room. 
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production of the four-jet de 
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Havilland Comet at Hatfield. 


Four-seat Kamov Ka-18 helicopter, with 250 h. p. engine. Cruising speed approx. 65 knots. 
4.5 hours. 


being tested and evaluated, may be used to fill this 
requirement. 


@ The Avro CF-105 Arrow twin-jet supersonic inter- 
ceptor and fighter-bomber began its flight testing on 
March 25th, 1958 (see pictures). During the first flight 
the aircraft took off at a speed of 159 knots and 
climbed—with undercarriage down—at 3,000 f. p.m. 
The undercarriage was retracted at 5,000 ft., and the 
pilot Jan Zurakowski continued climbing to 10,000 ft. 
Maximum speed during the flight, which lasted 35 
mins, was 299 knots. The first CF-105 is fitted with 
two Pratt & Whitney J75 jets, though the Orenda 
Iroquois is to be used later. The aircraft’s design Mach 
number is more than 2. 


@ Lockheed reports that the certification date for the 
Electra has been advanced. Originally certification 
was to have taken place on September 30th, 1958, but 
a new date of August 22nd has now been given. 


@ The SS.// missile, which is in production at Nord- 
Aviation, has been undergoing trials aboard the 


and speeds of Mach 3.5 (2,300 m.p.h.) can be simulated for 
Engine operation can be observed through the two portholes. 
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The Avro Canada CF-105 fighter and fighter-bomber began flight testing on March 25th, 
1958. 
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The first production model of the Fokker F-27 Friendship, destined for Aer Lingus, recently left the Fokker plant 
at Schiphol —several weeks ahead of the 2 4-year schedule. 
The Convair F-106 supersonic all-weather fighter in production at San Diego for the U.S. Air Force Air Defense 
Command. 
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Fouga 170 Magister light twin-jet trainer at Colomb 
Béchar. The results of attacks against ground and ai 
targets were so promising that the Air Staff has decidec 
to adopt the Magister for training pilots in the firin; 
of guided missiles. The same training missions cai 
also be carried out on the Navy’s Fouga 175 Esquij 


@ The single-seat Aerfer Ariete fighter made its firs 
flight at the Pratica di Mare Air Force test centre o1 
March 27th, 1958. 


@ The first production model of the SE.2/0 Caravell 
turboprop transport is scheduled to make its firsi 
flight in May 1958, and will be followed by the nex: 
two aircraft of the series before the end of the year 
A total of twenty Caravelles will be built during 1959; 
in 1960 four aircraft will be produced each month 
and this figure will probably be increased to five. 


@ Further details on the “Hoffmann System” heli- 
copter ground trainer, which is herewith illustrated: 
This equipment, produced by Bélkow-Entwicklungen 
K. G. and marketed at a price between DM 60,000 
and 70,000, can be inclined and moved by air forces 
exactly as a real helicopter; all the normal difficulties 
of maintaining equilibrium are posed, so that true 
flight conditions are faithfully produced. In principle 
it is the mock-up of a helicopter with very low power 
rotor; it is capable of free vertical movement and is 
mounted on a float. Equilibrium in the vertical plane 
is achieved partly by springing and partly by main 
rotor power. By inclining the main rotor the float can 
also be tilted to simulate any attitude and can be 
moved through water in any direction under main 
rotor power. Turns can be executed with the aid of 
tail rotor thrust. The float has a surrounding bulge 
to prevent excessive tilting. Vertical movement of the 
“cockpit” is limited by upper and sprung lower stops. 


@ The Rolls-Royce Avon RA.29 Mk. 524 has been 
given full Normal Category approval by the Air 
Registration Board for use in civil aircraft. The engine 
was tested in accordance with the requirements of the 
combined U.S./U.K. civil type test schedule. Aircraft 
to be equipped with the Avon RA.29 are the Comet 4s 
ordered by B.O.A.C., the Comet 4Bs ordered by 
B.E.A. and the SE.210 Caravelles ordered by Air 
France, S.A.S., Varig, Finnair and Air Algérie. 


@ C.A.A. approval has been granted for installation 
of the Tactair T-3 autopilot (which employs pneu- 
matics both for sensing attitude changes and for 
operation of controls) in the Cessna 310. The Tactair 
T-3, which weighs only 9 lb. and is produced by 
Tactair Inc., Bridgeport, Pa., is already C.A.A.- 
approved for installation on the Beech Bonanza, 
Cessna 180, 182 and Skylane, and the Piper Apache. 


@ The first Northrop T-38 trainer is scheduled to fly 
late in 1958 with unaugmented versions of the General 
Electric J85 engine (Northrop is reportedly aiming at 
a first flight in December, but hopes to be in the air 
sooner). Augmented versions of the J85 should be 
available early in 1959 for the T-38. Fairchild J83 and 
Pratt & Whitney JT-12 engines should be ready by 
mid-1959 for use as alternates on the Northrop 
N-156F counterair fighter. Design criteria for these 
small engines are conservative, allowing the airframe- 
engine combination extreme growth potentialities. 
The T-38 and the N-156F, equipped with the GE 
engines, are rated at Mach 1.5, but are expected to 
exceed Mach 2 by 1961-62 with further engine 
development. 


France’s Defence Minister Chaban-Delmas recently 
visited the Fiat plant at Turin, where he inspected the 
Fiat G.91 light strike fighter. Next to the Minister is 
Fiat Chief Test Pilot Simeone Marsan. 
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ved Vertol 44 The petroleum industry has a new tool, the Vertol 44 helicopter, 
ol to cut manhours, money and misery out of exploratory drilling 
solves transport problem + remote sites. 
po f ‘li d t The Vertol 44 is a heavy-duty, universal vehicle that makes the 
om or Oli indus ry sky a 100 mph highway, almost any clearing a landing field. Gone 
ear. is the need to hack roads in jungle, swamp and mountains. You 
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Irop Flying Truck: The Vertol 44 carries more than 2 tons of cargo 
_ in tropical areas...transports the entire 175,000 lbs. of a drill rig 
ties. over a distance of 50 miles out and back, in only 56 flying hours. 
GE Its 600 cu. ft. cabin accommodates 50% more cargo than any 
Ae other commercial helicopter, with no problem of load placement. 
e 
Flying Bus: Airlifts up to 19 passengers ... 2 typical field crews 
sie ...to jungle derricks or offshore drills... flies exploration teams 
the to otherwise inaccessible spots. 
ris 
For military services both the Vertol 44 Flying Crane: Hops rivers, ridges and swampland with sling- 
il and the H-21 are in service or on order loads of pipe, rig superstructure, large pump components or even 
in the U.S., Canada, France, West mobile field offices. 
Germany and Sweden. 
Flying Tractor: Frees mired vehicles, hauls barges, drags 
sledges. It has even towed a 3,000-ton ship. 
For more information on this multi-purpose vehicle for the oil 
industry, write to: Customer Relations Department 
LQ); ?, . 
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THE F-MOD 


WHaUNDEROWHIEF 


America’s most tested, newest weapon system, is 
built to ideal specifications for its dual role... its 
speed, climb and range make it the greatest in a 


proud line of Thundercraft. 











FARMINGDALE, NEW YORK, U.S.A. 
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BRUSSELS 58 


In 1958, to meet the increase in air traffic expected during the Brussels Universal 


and International Exhibition, the Belgian AIRWAYS ADMINISTRATION, as in 





1949, chose COMPAGNIE FRANCAISE THOMSON-HOUSTON ‘to install 


a second G.C.A. equipment at its Brussels-National Airport. 
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COMPAGNIE FRANCAISE THOMSON-HOUSTON - GROUPE ELECTRONIQUE - 173, BD. HAUSSMANN, PARIS-8¢ 
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For Hypersonic Defense 


The Northrop N-156F supersonic fighter is designed to carry the latest 
missiles which will deliver their deadly loads at speeds many times that of 
sound, and are able to destroy the fastest enemy aircraft even at extreme 
altitudes. This high performance counterair fighter is the result of years of 
study by Northrop of the special requirements of allied nations of the free 
world. Although designed for speed in excess of Mach 2, the N-156F has not 
sacrificed safety of operation. Its exceptionally good flying qualities through- 
out its entire flight regime have been developed through thousands of hours 
of testing in America’s most modern wind tunnels and test facilities. Its two 
engines assure reliability. The N-156F can be operated from small, unimproved 
airfields. Entire squadrons can be maintained for zero-length launch in 
advanced areas, scant seconds from the critical points of possible aerial 
combat or enemy ground targets. By using the most advanced technology, 
the N-156F offers this highly effective fighting power at half the total 
cost of procurement and operation of existing aircraft systems. 


NORTH ROOF, snational 


A DIVISION OF NORTHROP AIRCRAFT, INC. ¢ BEVERLY HILLS, CALIFORNIA, U.S.A. 
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Fairey flies the first 
Vertical Take-off Airliner 


Adding achievement to achievement, Fairey Aviation 
have now built potentially the most important transport aeroplane 
in the world, the Fairey Rotodyne. 
Carrying 48 passengers or 4} tons of freight it takes off 
vertically as a helicopter and having gained height flies forward 
as a normal twin-engined airliner. 
It is the most adaptable rotary-wing aircraft in the world and the 
first to offer operating economy directly comparable to that of fixed-wing 
aircraft over ranges of up to 400 miles. 
The arrangement within the Rotodyne’s capacious fuselage q 
can readily be adapted to suit civil or military applications. 
Powered by two Napier Eland propellor-turbines with Fairey 
Pressure-Jets at the rotor-tips for take-off and landing. 


48 passengers - 185 m.p.h. cruising speed 
0 Vi A 400 miles maximum range. 


THE FAIREY AVIATION COMPANY LIMITED <-: HAYES MIDDLESEX 
ENGLAND : AUSTRALIA: CANADA 
































Two years service with the Royal Air Force has established the Jet Provost ab initio/basic trainer as the best aircraft for 


its purpose, and the Mk3 is now in production for the re-equipment of Flying Training Command. 


Improvements over the Mk1 include a redesigned undercarriage and windshield, a later mark Viper engine of 


increased power, increased fuel capacity and the installation of ejection seats. 


VOV05C~ 


Powered by one Armstrong Siddeley Viper Turbo-jet 


The Jet Provost can be supplied to overseas air forces with 
or without ejection seats and can also be equipped with 
armament—machine guns, bombs and rockets—for use as 
a weapons trainer or as a tactical weapon. 


Take-off distance, 





to clear a 50’ (15 m.) obstacle ... 1990’ (606 m) 
Climb : 
Sea level to 10,000’ (3048 m.)......... 5.0 mins. 
Sea level to 30,000’ (9144 m.)......... 23.0 mins. 
Rate of climb at sea level . . 2380 ft.lmin. (12.2 mlsec.) 
Max. level speed at 30,000’ (9144 m.) 286 knots (530 km/hr) 
Range (with tip tanks). ...... 490 n. miles (910 km) 
PETITE bos Ve 6a ke RR a OE Sw 2.45 hrs 





HUNTING AIRCRAFT LIMITED 


A Hunting Group Company. 





LUTON, BEDFORDSHIRE, ENGLAND and at 1450, O'CONNOR DRIVE, TORONTO, CANADA 
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British 
Aviation Prospects 


By Derek Wood, London 


Just where is British defence policy, and with it the British air- 
craft industry, heading ? This is the leading question that has been 
voiced incessantly in public, Parliament and behind closed Board 
room doors ever since the publication of the 1957 White Paper on 
Defence. 


On the face of it from April 1957 onwards Britain has seemed 
committed to a nuclear deterrent and all-guided weapon defence 
policy to the exclusion of conventional weapons in general and 
manned aircraft in particular. 


It now seems certain that this is not the case, and that Britain 
will continue to produce conventional military aircraft and wea- 
pons, albeit in fewer categories than hitherto. The greatest problem 
of all, however, is that the overall British policy has not been made 
clear to the outside world let alone the British public, and it 
appears that the U.K. has turned her back on the types of weapons 
which many of her allies and smaller friendly countries have in 
the past purchased. These same countries in many cases do not 
possess the facilities or the money to install sophisticated guided 
missile defence systems. ' 


This represents the purely military aspect of British Govern- 
ment actions in 1957, but to understand the reasons behind them 
it is necessary to examine the position as a whole. The country 
has been faced for some time with the urgent need to cut down 
public expenditure, and aircraft and weapon production paid for 
by the State were obvious first targets for the axe. 


Mr. Sandys, with his predilection for guided weapons, was 
able to convince the Cabinet that he could make big cuts in manned 
aircraft orders and in research and development for these types 
by a big swing to guided weapons. The “ Deterrent Strategy ” 
was approved and the result—after much back and forth— 
emerged as the now famous 1957 White Paper. 


The two paragraphs which have really caused all the trouble 
are 61 and 62, as follows: 


“ Having regard to the high performance and potentialities 
of the Vulcan and Victor medium bombers and the likely progress 
of ballistic rockets and missile defence, the Government have 
decided not to go on with the development of a supersonic manned 
bomber, which could not be brought into service in much under 
ten years. 


“ Work will proceed on the development of a ground-to-air 
missile defence system, which will in due course replace the 


manned aircraft in Fighter Command. In view of the good 
progress already made, the Government have come to the conclu- 
sion that the R.A.F. are unlikely to have a requirement for a 
fighter aircraft of types more advanced than the supersonic P.1 


and work on such projects will stop. ”’ 


These were interpreted to mean the end of manned military 
aircraft, and Government actions since then, i.e., the cancellation 
of the rocket-plus-jet P.177, have done nothing to remove this 
impression. 


Top industry executives have for months been trying to discover 
what Government policy really is for the future of the industry, 
but it has become abundantly clear that the Cabinet, living hand 
to mouth on spending money, have so far no policy. The only 
thing that has emerged is the Government dictum that any future 
contracts where money comes in one way or another from the 
public purse would have to be shared between companies, and 
that larger units with design and development potential would be 
welcomed. 


This is a logical step in the face of dwindling funds and growing 
overseas competition. 
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“ Take it easy, Matthews; we've merged..." 
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The viewpoint was well explained by Mr. Aubrey Jones, the 
energetic Minister of Supply, in a Parliamentary answer concerning 
the B.E.A. jet contract: 

“ T have wished to see a strengthening of units in the aircraft 
industry partly so as to enhance their competitive ability overseas, 
partly so as to relieve their dependence on Government finance 
for projects beyond the present. The ideal unit would possess 
considerable financial, technical and production resources, and 
by being part of a diversified industrial structure, would command 
readier access to private capital.” 

Signs of integration within the industry have been provided by 
the Bristol-Hawker Siddeley get-together over the type 200 airliner; 
the formation of the Aircraft Manufacturing Company (de 
Havilland, Fairey, and Hunting Aircraft) to build the type 121 
airliner for B.E.A.; collaboration between Hunting and de 
Havilland over sales of the Jet Provost; and news of discussions 
between English Electric and Vickers, and between English 
Electric and Shorts over specific projects. 

In addition some firms have been discussing agreements not 
to overlap on certain types of machines, and to standardize 
sections of their work to reduce costs—this may become apparent 
in such things as the manufacture of helicopter rotor blades. 


On the engine side Bristol and Armstrong Siddeley are at the 
courting stage with a view to a possible marriage of their interests, 
and this would certainly provide a very big engine enterprise. 


This “ get-together ” process is likely to continue, but it must 
be borne in mind that there are already three very large groups in 
the U.K. who combine extensive industrial interests with aviation, 
namely English Electric, Vickers Armstrongs, and Hawker Siddeley. 


Despite the aura of gloom radiated by all and sundry since 
April 1957, and reflected by the British press, the aircraft industry 
is far from dying. While the military axe has come as a distinct 
shock, a great part of the industry is on a sounder footing than at 
any time since the war—although this is cold comfort for those 
whose military lines are already running down ! 


Some factories are faced with empty shops from 1960 onwards 
unless the policy is modified, sub-contract comes in in large 
quantities, or a niche in the civil market can be speedily found. Far 
worse from the long-term point of view is the prospect that military 
research and development funds for all but missiles will dry up, 
and as everyone is painfully aware, military research paves the 
way in nearly all cases for civil developments. 


An inter-Ministerial committee has been discussing the subject 
of research and development funds, and the Minister of Supply 
had promised a statement on the subject before March 2Ist, 
although at the time of writing nothing has been forthcoming. 


Surprisingly there are five major projects being mulled over 
by the Air Ministry at the present time, and others for the Navy. 
These will require research and development backing to go 
ahead, as will the future civil aircraft requirements, namely a VTO 
machine for B.E.A. and a supersonic transport for both B.E.A. 
and B.O.A.C. 


The R.A.F. projects are as follows: 


a) A supersonic low altitude nuclear strike aircraft of an entirely 
new type, which will also double as an all-weather fighter in 
the M=2-++- class capable of carrying heavy air-to-air weapons. 


— 


b) A turboprop replacement for the piston-engined Shackleton 
long-range anti-submarine aircraft. 


c) A high subsonic troop and freight transport to replace the 
Comet 2 in Transport Command. 
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d) A long-range heavy turboprop freighter which will be a 
choice between the Blackburn B.107 and the Short/Bristol 


PD.18—both with Tynes. 


e) A short-range VTO light strike aircraft capable of carrying 
tactical nuclear weapons and of taking off without prepared 
surfaces. This project is also the subject of a N.A.T.O. 
mutual weapons requirement. 


A year ago such a list would have been thought impossible, 
but subtle changes in thinking, even by Mr. Sandys, have become 
apparent for two reasons. First it is realized that weapons cannot 
fit all categories, and flexibility must be maintained to avoid a 
complete Maginot line complex; second, Britain is cut off from its 
SEATO and ANZAM alliances, and Middle East oil through 
lack of suitable transport aircraft and strategic stockpiles—the 
claimed existence of the latter being a myth. 

First signs of re-thinking have come with the 1958 White 
Paper. In this the whole tone has changed, there is no sequel to 
paragraphs 61 and 62, and there is an entirely new section headed 
“ Conventional Weapons ” which had no counterpart in the 1957 
White Paper. 

The new section begins... “ The strategic nuclear deterrent is 
the decisive factor in preventing major war. But it does not 
obviate the need for maintaining a substantial shield of land 
forces, with air and naval support, to defend the frontiers of the 
free world. Nor could it, of course, be used in localized emergencies 
still less for preserving order and stability. For these tasks, which 
represent a large part of the present responsibilities of all three 
services, conventional forces equipped with non-nuclear weapons 
are required. A high proportion of Britain’s military effort will 
therefore, of necessity, continue to go into forces of this kind ”. 

Within the next few months the Government will have to decide 
which way it is really going and above all what funds it will provide 
to back new military and civil projects. It is quite clear that 
industry will be called upon to do much more private venture 
work, as has come about with the VC-10 and DH-121, but major 
projects both civil and military cannot be undertaken without 
development funds in the Service field, and adequate orders 
backed by Government loans to the Corporations on the civil 
side. The industry has got to know this year, therefore, what its 
future is to be in the critical 60’s. 

This, however, will only provide the answer as far as the 
present Government is concerned, because the general election 
of 1960 may return the Socialists to power. They intend to take 
a completely different line. There would be a step-up in the 
purchasing of conventional armaments at the expense of the 
deterrent, and a marked improvement in the strength of Transport 
Command. The Socialists also intend to provide more money for 
specified civil projects with good export potential, and, through 
the Board of Trade, finance sales abroad. 

The industry will have to pay a price for this in the shape of 
“ buying in” or outright nationalization. The former seems the 
most likely, and a Socialist Government would purchase interests 
in various firms having made it clear that the successful would 
come in for the same treatment as their less well placed colleagues. 
The Government would then be in a position to close certain firms 
or turn them over to other work, thereby introducing a State 
form of rationalization. 

The pros and cons of Government control of industry would 
entail an article longer than this, but it is worth noting that every 
step towards larger and fewer units, while making the industry 
stronger, also renders it more liable to take-over by a new Govern- 


ment. 





























Recent Products 
of the Equipment Industry 


@ Autonetics Division, North American Avia- 
tion Inc., Downey, Calif.: This XN-1 stabilized 
platform was used in the United States’ first suc- 
cessful tests of an inertial guidance system for 
long-range missiles. The instrument has three 
single-degree-of-freedom stabilizing gyroscopes 
to maintain spatial reference, and two accelero- 
meters at an angle of 90° to sense accelerations 
in the horizontal plane. Solenoid-operated air-jet 
torquers provide the force that keeps the platform 
i in the desired attitude at all times. —The first tests 
with the XN-1 platform were made as far back as 
1950, since when North American has completed 
more than 800 successful flights with a series of 
ever-improved inertial navigation systems. The 
latter include a smaller, lighter autonavigator, flight 
tested in an F-86 Sabre jet, and the XN-2 stellar- 
inertial autonavigator. 





@ Etablissements Faure Herman, Boulogne: 
Type FH electronic-mechanical consumption 
and flow meter. The meter, which consists of 
three main components (pickup, electronic relay, 
indicator), can now be supplied with a selector 
to enable a pre-determined flow quantity to be 
set and to block further flow after the given 
quantity has passed through. 
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@ Linhof Prazisions-Kamera-Werke, Munich, has developed, from the well-known Technika-Press 
camera, a versatile aerial camera designated the Aero-Technika, which is noteworthy for its simple 
structure, ease of handling and special suitability for colour photography; picture size 4 in. x 5 in. The 
camera can be used for oblique, vertical or short-range air-to-air photographs, and setting of both shutter 
speed and aperture can be carried out rapidly even by 
the gloved hand. Normal lenses are the Zeiss-Technika- 
Planar (f 3.5/135 mm) or the Zeiss-Technika-Symmar 
(f 5.6/180 mm), both with Compur | shutter for a minimum 
exposure of 1/400 sec. 


@ General Sound Control, Inc., Los Angeles, has 
supplied Douglas Aircraft Company with a portable noise 
suppressor for use during static tests of the DC-8 engines 
(P&W J57, P&W J75 and R.-R. Conway). Known as the 
GSC Model 818, it is of all-steel structure and is designed 
to withstand operating temperatures of 1,000°F (540°C) 
without the need for water cooling. The noise suppressor 
meets the specifications of both aircraft manufacturers 
and airlines, and could thus be used at any jet airport. 


























@ Minnesota Mining and Manufacturing Company, 
Minnesota, announces a new splicing kit for embedding 
splices in epoxy resin poured into plastic moulds. With 
its aid ‘'Y” splices can be insulated in the field in less 
than 10 minutes. Once a splice has been cast, it is per- 
manently encased in a block of insulating resin which 
will remain solid and water-tight despite aging, heat and 
pressure. Designated the ‘ Scotchcast'"’ 82-B1, the new 
kit consists of a two-piece plastic mould which snaps 
together around the wires, two plastic spouts for pouring 
the resin into the mould, strips of sealing tape, and a 
“Unipak ” container of epoxy resin. Top picture: '‘Y" 
splice with lower mould half; bottom: cut-away view of 
the splice after hardening of the resin. 


@ Reed-Curtis Nuclear Division, American Electro- 
nics, Inc., Los Angeles, has developed the Radiflo leak 
detection system which uses a non-toxic radio-active gas, 
Radene Ill, to test hermetically sealed electronic com- 
ponents. The system is particularly suitable for the non- 
destructive testing of vacuum tubes, transistors, relays, 
pressure and temperature controls, etc. 


> 





@ Fruehauf Trailer Company, Detroit: The >» 
Cole-Vac airfield vacuum cleaner can clean 
1,000,000 square feet of runway per hour, collect- 
ing even heavy metal objects, stones and other 
rubbish from the surface with a fan flow rate 
of 44,000 cubic feet per minute. The vehicle is so 
manceuvrable that it can reach and clean less 
accessible corners in hangars and parking areas. 
The Cole-Vac was designed by Coleman 
Engineering Co., of Los Angeles, California, 
ind is now in production by Fruehauf. It meets 
U.S. Air Force specifications and is already in 
ise at Lockheed's and Boeing's airfields. 
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@ Marconi Doppler Navigator for Civil Air- 
lines: Since 1954 Marconi has been producing 
Types AD.2000 and AD.2100 Doppler Naviga- 
tors for military aircraft, and the company has 
now introduced the Type AD.2300 redesigned 
for purely civil use. The Type AD.2300 will 
operate under any combination of the following 
flight conditions; if conditions of angle of climb 
or angle of bank are exceeded the equipment 
will continue to function, but the accuracy may 
be slightly impaired: 

— Altitude range: 150 ft — 50,000 ft. 

— Ground speed range: 80 — 900 knots. 

— Drift angle: + 45°. 

— Angles of climb or descent: up to 10°. 

— Angles of bank: up to 20°. 

— Latitudes 0 — 80 degrees. 

The complete equipment including antenna 
and computer weighs only 130 Ib. The antenna 
group illustrated herewith (upper picture view 
from above, lower picture view from below) is 
that for the AD.2000 military version. 





@ Short Brothers & Harland Ltd., Belfast: The 
illustrated Time Delay Unit can reproduce a 
given wave-form at output after any desired 
lapse of time, and the instrument is particularly 
useful in simulating human reaction time or 
investigating engine fuel systems problems. 
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@ The Sperry Gyroscope Company, Great Neck, 
N.Y., has announced the development of a new 
“integrally lighted"’ instruments system which 
utilizes only three instruments to provide the read- 
ings normally shown on six, with special lighting 
ensuring perfect readability under all visibility con- 
ditions—daylight, twilight, night and instrument 
flight. The Integrated Instrument System has been 
specified for wide use in turbine-powered aircraft 
such as the Douglas DC-8, Convair 880, Boeing 707, 
Lockheed Electra and Fairchild F-27. 

















@ The Type 21A Automatic Direction Fin- 
der, designed and produced by Aircraft Radio 
Corp., Boonton, N.J., offers the advantages of 
light weight and space saving. The complete 
equipment, including receiver, loop, loop hous- 
ing, indicator, control unit (illustrated) and power 
unit weighs under 20 Ib. The loop housing 
projects only 2 inches above the aircraft skin. 
Frequency range: 190 kc to 1,750 kc. Operation 
on 2.8 amps at 27.5 volts DC input or equal 
power at 13.5 volts. 





@ The White Alice Communications System, a $140,000,000 project in Alaska linking the USAF Alaskan 
Air Command's early warning stations and aircraft control and warning stations, has now been completed. 
The White Alice system employs the “ tropospheric scatter '’ method of transmission, with micro-wave 
relays and over-the-horizon directional links. The equipment includes 60-foot antennas. Diagram shows 
the White Alice network, with the figures indicating distance in statute miles. Although designed primarily 
to serve the USAF the system is capable of expansion to 171,708 circuit miles of voice and 50,176 teleprinter 


circuit miles. Construction began in 1955. 
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Radar Equipment 
for Brussels-Melsbroek Airport 


During the Brussels Fair a new radar system will 
be inaugurated at Brussels-Melsbroek Airport, 
and this is a joint project undertaken by several 
French firms featuring some most interesting new 
developments. Basically the equipment consists 
of: 

1 — a primary surveillance radar; 

2 — a directional radio equipment for the trans- 
mission of radar images to the Air Traffic Con- 
trol centre, 

3 — a display equipment in the ATC centre. 


The radar equipment is a Frequency Diversity 
System which employs three Compagnie Générale 
de Télégraphie sans Fil (CSF) transmitter-receivers, 
coupled in precise timing and frequencies to a 
single “ three-dimensional " antenna array designed 
by Société Nouvelle d'Electronique. Each transmitter 
has a maximum output of 1 Megawatt. Target echoes 
received on the three different frequencies are syn- 
chronized and presented on a single radar display. 
The advantages of the Frequency Diversity System 
are: more even coverage of the air space as the 
clusters of lobes, created by ground reflection, can 
be made to “ overlap " to a greater distance from the 
transmitter by selection of appropriate frequencies; 
greater operational reliability as the equipment can 
function on either one or two transmitters instead 
of all three; less sensitivity to interference as any 
affected frequency can be switched off. 

The “ three-dimensional"’ antenna array permits 
simultaneous determination of bearing, height and 
distance of the target aircraft. For this purpose the 
beam transmitted by the antenna array rotates at a 
relatively slow rate (for bearing measurement) and 
at the same time scans very rapidly in the vertical 
plane (for elevation measurement). Apart from the 
fact that this antenna system eliminates the neces- 
sity for a separate height radar, it also provides a 
very simple method of damping out permanent 
echoes, since the receiver is cut out as the beam 
traverses a fixed object. 

The radar information is transmitted via a Com- 
pagnie Frangaise Thomson-Houston developed 
directional radio equipment to the Air Traffic Con- 
trol centre where it is converted into a television 
picture, by means of CSF-designed memory tubes, 
and displayed by sectors. This system has the 
following advantages: viewing under normal day- 
light conditions is possible; tracking of the flight 
path is simplified as the picture is retained for a 
longer period; and the television picture may be 
projected on to a larger screen. 














@ Electronic Associates tinc., Long 
Branch, N. J., who operate analogue 
computer centres in Princeton, Los 
Angeles and Brussels, has developed the 
231R analogue computer illustrated here- 
with. The compact 231R features a modular 
grouping of components which permits an 
operator to set up a problem on the patch- 
board four times faster than previously 
possible; a prepatch panel with 3,450 holes 
facilitates the use of bottle plugs and 
shorter patch cords. Complete shielding 
from patch cord to oven covers all possible 
high-impedance points. The patchboard 
itself can terminate 100 operational ampli- 
fiers and associated nonlinear equipment, 
and has complete automatic readout. It 
provides for individual control of all integra- 
tors. Since being introduced on the market 
in December, 1957 the 231R computer has 
been purchased by and is now in operation 
with General Electric, Boeing Airplane, 
Westinghouse, Sperry Rand, Westing- 
house Atomic Division and Lockheed 
Aircraft in the United States, and in Europe 
by Royal Dutch Shell Petroleum, France's 
Saclay Atomic Research Centre, CNET 
(Centre National d'Etude des Télécommu- 
nications) in Issy-les-Moulineaux,Sweden's 
Defence Research Institute (Forsvarets 
Forskningsanstalt Avd.2), SAAB, the Royal 
Swedish Aeronautics Administration 
(Kungl.Flygforvaltningen) and the Deutsche 
Versuchsanstalt fir Luftfahrt. 














@ Sylvania Electric Products Inc., N.Y., has deve- 
loped a new technique in the construction of electron 
tubes, utilizing the ‘Framelok” grid. In these grids 
taut horizontal wires are individually locked in place in 
“ladder "’ sequence on a one-piece window-like frame 
of flat metal. This frame, seated tightly on a mica base, 
provides perfect alignment of grid laterals, resulting in 
maximum stability and uniformity in operating charac- 
teristics. Sylvania has already adapted the ‘“ Frame- 
lok” grid to mass production techniques, and the first 
tube incorporating this system is a beam power pen- 
tode (Type 6FH6) for horizontal deflection in television 
receivers. The new grid is to be used in video and 
audio amplifiers, vertical deflection, and a wide range 
of low and medium power tubes. 





@ Southern Instruments Computer Division, 
Camberley, Surrey is producing this K 1020 Trace 
Reading Equipment designed to provide com- 
prehensive facilities for the analysis and reduc- 
tion of analogue trace records to digital form. 
Presentation may be by visual display, type- 
writer, tape perforator, card punch or any com- 


bination of these. 


@ Stromberg-Carlson, San Diego, a division 
of General Dynamics Corp., has developed the 
Type C19Q version of the Charactron Shaped 
Beam Tube, which will simultaneously display 
radar or TV images with identifying letters, 
numerals and symbols superimposed. 

























































@ Collins Radio Company, Cedar Rapids, 
lowa, is offering three different versions of a new 
airborne navigation receiver: 


1. The Type 51R-4 utilizes the modules of the 
51X-2 VHF receiver and the 344B-1 VOR/Localizer 
instrumentation unit, and is housed ina 4% ATR 
case. It provides 880 channels with 50 kc/s spacing 
in the range 108-151.95 Mc/s. The equipment pro- 
vides signals for the automatic omni-bearing indi- 
cator, and contains the servo amplifiers for the 
radio magnetic indicator. Weight 23 Ib. 


2. The Type VOR-101 comprises the 51X-2 VHF 
receiver and the 344B-1 VOR/LOC instrumenta- 
tion unit, each housed in a short */s ATR case. 
Total weight 24 lb. Characteristics as for the Type 
51R-4. 


3. The Type VOR-102 combines the 51X-2 VHF 
receiver with the 344A-1 VOR/LOC instrumenta- 
tion unit, which weighs only 9 Ib, and is housed 
in a short 4% ATR case. Unlike the 344B-1, the 
lighter and cheaper 344A-1 does not supply signals 
for the radio magnetic indicator. 


While the Type 51R-4 in its single long case has 
the smallest frontal area, the other two types use 
shorter cases. The 51X-2 receiver can be utilized 
as standby communications receiver in the VOR- 
101 and VOR-102 combinations. 


@ The Avion Division of ACF Industries Inc., 
Dayton, Ohio, has developed, after nearly four 
years work, an airborne closed circuit television 
device which presents the pilot with continuous 
pictures of the exact location of his aircraft in 
relation to the ground. The device, called the 
Horizontal Situation Display, correlates the informa- 
tion fed from navigational computers and instru- 
ments to present a TV picture in the form of a map 





of the terrain below the aircraft, with an aircraft 
image projected over the map and corresponding 
to the exact position over the terrain. Map and 
aircraft are displayed on a 5-inch circular TV 
screen mounted on the instrument panel. An out- 
standing advantage claimed for the equipment is 
the utilization of the “ unit map" concept, whereby 
a map of the entire United States may be micro- 
filmed on to a glass plate measuring only 3 inches 
by 4 inches; only enlarged portions are presented 
to the pilot covering, as required, either a 40-miles 
or 120-miles diameter area. The complete equip- 
ment weighs about 45 Ib. 


@ Servomechanisms Inc., Hawthorne, Calif., is 
now manufacturing a new type of metal-film pre- 
cision potentiometer, following some five years of 
research work. The resistance element of this po- 
tentiometer is made of alloys which are evaporated 
in high vacuum and deposited on to a ceramic disc; 
the process involves the controlled transfer of 
vaporized metal to build up coatings of desired 
shape on the prepared surface of the ceramic 
base. Thickness of the coatings can be controlled 
to accurately produce the desired electrical cha- 
racteristics. The company claims that the rugged 
construction withstands extreme vibration, shock 
and humidity tests and is extremely dependable 
at temperatures of 150° C and higher. 


@ Telefunken GmbH, Uilm/Danube, has deve- 
loped the DG3-12A 3-cm diameter miniature oscil- 
lograph tube for measurement and indicator appli- 
cations. The new tube is especially suitable as 
an instrument for checking values in larger instal- 
lations such as transmitters, computers and 
aircraft equipment. The extremely small size of 
the DG3-12A permits it to be installed in banks 
to build up observation panels. 








@ Marconi's Wireless Telegraph Company, Chelmsford, Essex, has received 
contracts totalling more than £1,000,000 for the crystal-controlled 50-cm airport 
surveillance radar since the equipment was first introduced some three years 
ago. Orders have been received from Belgium, France, Germany, Switzerland, 
Hong Kong, New Zealand, South Africa and the UK. The Marconi Type S232 
incorporates the Moving Target Indicator and is virtually immune from the 
precipitation clutter (partial or complete masking of the radar display tube due 
to the effects of rain-clouds, rain, snow or hail) to which 3-cm and 10-cm wave- 
lengths are prone. The crystal control gives complete frequency stability even 
when starting up from cold. The illustration shows the Type S232 transmitter, 
receiver, and rotating antenna head recently installed at Jan Smuts Airport, 
Johannesburg. 



















@ Closed circuit TV monitors are shown installed in a blockhouse at Aerojet- 
General Corporation's rocket engine test facility in Sacramento, Calif., to provide 
technicians at the firing console with a visual picture to supplement instrument 
readings of rocket static firings. The system comprises 36 complete camera- 
receiver circuits and was built and installed by Hallamore Electronics Company, 
a division of the Siegler Corporation. 
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@ Missile logistics data processing: A new electronic logistics data 
processing centre which will link USAF missile squadrons throughout the 
world over the Air Materiel Command's network has been established by the 
USAF at Norton AFB, near San Bernardino, Calif. The heart of the centre 
is a huge IBM 705 general purpose digital computer, which will be able to 
handle, within a matter of minutes, logistical problems concerning the 
Atlas and Titan ICBMs, and the Thor IRBM. The system will connect the 
Ballistic Missile Manager, Maj. Gen. Ben |. Funk, the operating squadrons, 
the supporting Air Materiel Command bases, and the ballistic missiles 
contractors in order to effect necessary action within a minimum time. 


A Directorate of Ballistic Missiles has been organized at Norten AFB which 
will support the entire programme. Colonel Philip B. Foote will be the 
Director, reporting directly to Maj. Gen. E. W. Anderson (in centre of picture), 
Commander of San Bernardino Air Materiel Area. The data processing 
centre, which will be maintained by some 200 highly-trained technicians, is 
an essential link in the complex logistical problems which must be handled 
in order to keep the ballistic missiles operational force in a state of constant 
preparedness at widely scattered launching sites. 


















Federal Space Research Agency ? 


Moon, Mars and Venus 


President Einsenhower’s proposal to centralize 
all U.S. scientific and civilian space activities in 
a new Federal agency appears likely to win the 
support of Congress in most of its major fea- 
tures. There is a general feeling in Washington 
that the President’s plan is a vigorous and 
responsive solution to the manifold problems of 
controlling non-military space programmes (as 
is known, military projects come under the 
Advanced Research Projects Agency at the 
Pentagon). Perhaps the most important feature 
of the new plan is that it consolidates all author- 
ity over non-military space projects in a single 
administrator, thus abandoning the “~com- 
mittee concept of administration which has 
marked most of the Federal Government’s 
scientific programmes up to the present time. 

The nucleus of the new agency, to be called 
the National Aeronautics and Space Agency, is 
the present National Advisory Committee for 
Aeronautics, which enjoys excellent relations 
with Congress as well as with the military ser- 
vices. Under the Eisenhower plan, N.A.S.A. 
would be headed by a director appointed by the 
President with the consent of the Senate. 

The new agency would have the power to 
enter into contracts with industrial enterprises, 
universities or other Government organizations. 
If approved, it would take over the non-military 
space projects now entrusted to the Department 


of Defense, including the scientific earth satel- 
lites programme and presumably the moon 
rocket shots recently announced by the Pentagon. 
Dr. Hugh L. Dryden, N.A.C.A. Director, and 
Defense Secretary Neil McElroy will confer to 
determine what current and future Pentagon 
space projects are to be entrusted to the new 
agency. 

If the outlook for enactment of most of the 
major features of the President’s proposal appear 
good, the position of N.A.C.A. in its new role 
as the Federal space agency is more difficult to 
assess. Heretofore, N.A.C.A. has confined itself 
to basic research in aeronautics, limited labo- 
ratory experiments to test its theories and to 
assisting the military services in dealing with 
specific development problems. It has never 
competed with the military services for develop- 
ment assignments, nor for important operational 
missions. Yet it may now find itself in the posi- 
tion of developing and operating new “ hard- 
ware ” systems—largely based on military deve- 
lopment work, and of sharing with the military 
space missions which have previously fallen 
exclusively to the armed services. Thus its new 
responsibilities open up entirely new relation- 
ships, which must be delicately handled if the 
fledgling space agency is not to come to logger- 
heads with the Defense Department at the very 
outset of its career. 


While the Administration was discussing details 
of the planned Federal civil space research 
agency, President Eisenhower’s Science Advi- 
sory Committee published a new report on the 
United States’ space exploration plans. It is 
estimated that a space flight to the moon with 
a safe return would cost $2,000,000,000, and its 
successful accomplishment would involve three 
stages. First would be a simple shot at the moon 
ending in either a hard landing or a circling of 
the moon; then would come a soft landing, and 
lastly a soft landing followed by safe return to 
the earth. The Committee, whose Chairman 
is Dr. James R. Killian, pointed out that it might 
be easier to land instrument carriers on Mars 
and Venus than on the moon because both 
planets have an atmosphere that can be used to 
cushion the final approach. The Committee set 
up a timetable of scientific objectives to be 
achieved, “early, later and still later’. The 
“early” period would involve minimum moon 
contact; “later’’ scientific lunar investigation, 
minimum planetary contact and human flight 
and orbit; and “still later’? automated lunar 
and planetary exploration and return. Accofd- 
ing to the Committee, there will also be a “ much 
later period ’’ when human planetary exploration 
will be possible. 
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Covering the advanced needs of 
industry and defense is today’s big- 
gest technological job. 

GPE has brought together, under 
one umbrella, broad physical 
resources plus a remarkably creative 
group of scientists, engineers and 
technicians. Its co-ordinated skills, 


knowledge, experience and produc- 
ing facilities cover more than a dozen 
industries. 

Each company in General Preci- 
sion Equipment Corporation works 
close to the frontiers of science in its 
specific fields. Working together, they 
have rolled up an impressive record 


_ technological bumbershoo 


of achievement in new and often 
uncharted technological areas. 

If your needs are in controls, sys- 
tems engineering or automation, 
you’ll find some eye-opening answers 
in this highly integrated research, 
design, engineering and manufactur- 
ing group. 


GENERAL PRECISION EQUIPMENT CORPORATION 











The principal GPE companies 
cover needs of defense and industry in 
these areas: Audio-Visual, Automatic 
Controls and Automation, Aviation, 
Chemical Processing, Electronic and 
Electrical, Graphic Arts, Instrumenta- 
tion, Marine, Motion Picture, Packag- 
ing, Paper, Petroleum, Photo Tech- 
nology, Power Generation and Conver- 
sion, Printing, Steel, Television, Textile. 


ne 
ASK ANIA 





| GRAFLEX 


mars 


Griscom-fRussel! 





| Hertner | (ff 
| Rearfott 


Ra C8 6 







be 
pone 
% 
® 
iS 


| fisrascore | 


seis 











NATIONAL 














- : <n ecpemat 


SHAND AND JURS 


[ee 
a 





Address inquiries to: 


General Precision Equipment Corporation 
92 GOLD STREET, NEW YORK 38, N. Y. 








é Wool: | 





From the Ground Up, by Sandy A. F. MacDonald. 
Published by Aviation Services Corp., Ltd., Ontario, 
1957. (English; 156 pages; widely illustrated; $5.00). 


Mr. MacDonald, who is today Public Relations 
Manager with de Havilland Aircraft of Canada Ltd., 
freely admits that two wars back his generation learned 
to fly in a pretty haphazard way “ by the seat of its 
pants”, when a compass was a meaningless gadget 
filled with a precious liquid known as alcohol. But like 
most other men who have gained their experience the 
hard way, MacDonald now comes down firmly on the 
side of painstaking and detailed basic training which is 
offered in Ground Schools, where those who want to 
fly the scientifically sure way may learn the things ‘they 
should know in the only sound and thorough way— 
From the Ground Up. 

The author’s devotion to his subject is abundantly 
clear in this masterly but punchily-written introduction 
to the art of aviation. The various chapters cover Air- 
manship, the Theory of Flight, Meteorology, Air Naviga- 
tion, Radio, Engines, Airframes and Examinations in 
detail; and most readers will immediately recognize 
Ferdinand Fumble, nicknamed “ Flatspin ” by the boys 
around the hangars, who is used by MacDonald as a 
comic but nevertheless deadly serious example of what 
not to aim for. There is no easy way to learn to fly and 
at the same time live to enjoy retirement. To those 
young men who seek the glamour of a pilot’s wings 
without being prepared to tackle the problem of learning 
to fly, MacDonald sincerely advises “ Go back to the 
farm before Dad changes his mind”. Even if you 
personally don’t intend to take up flying, the book will 
entertain and will give meaning to much of the phrase- 
ology and jargon connected with the art. Ru. 


La collaboration entre Compagnies aériennes.— Ses 
formes juridiques. Dissertation for the University of 
Lausanne. — By Bernard Dutoit, Lausanne, 1957 
(French, 210 pages). 


In view of its mounting difficulties (rising costs, fleet 
problems, etc.), it is in no way surprising that air trans- 
portation in general and European air transportation 
in particular should be seeking new means of cooperating. 
The ideal would of course be that national barriers should 
be swept away, that airlines might get together in the 
“ air transport common market ” advocated by leading 
experts in all European countries. Among the many 
studies devoted to this subject, mention should be made 
of a brief but instructive article by Professor D. Goedhuis 
in “ The Journal of Air Law and Commerce ” entitled: 
“ The Role of Air Transport in European Integration ”. 


As governments are still showing little enthusiasm for 
multilateral agreements involving the economic coordina- 
tion of air transport, national authorities and airlines 
have no choice but to take the best possible advantage 
of existing legal methods of cooperation on a more 
restricted level (bilateral and trilateral agreements). 
Bernard Dutoit’s dissertation provides a good overall 
view of the methods so far used—exchange of aircraft, 
pool agreements, international consortiums (S.A.S.)— 
and outlines a number of projects for wider cooperation 
in the future. He. 


Flieger erobern die Pole. — By Peter Supf. — Nymphen- 
burger Verlagshandlung Munich, 1957 (German, 
198 pages, price DM 7.80). Peter Supf presents a book 
on the bold and dangerous flying feats of the first 
pilots to conquer the polar ice masses, timed to coincide 
with the International Geophysical Year. This thrilling 
book also leads up to the most modern events: inau- 
guration of regular services across the Arctic, scientific 
research in the Antarctic within the IGY programme. 
Generously illustrated, the book includes a chronolo- 
gical table of polar flights and expeditions, as well as 
a bibliography. Ha. 


Mémento de l’ingénieur de normalisation d’entreprise. — 
Published by the Association Frangaise de Normalisa- 
tion (AFNOR), Paris, 1958 (French, 350 pages, price 
2,500 French francs). 


Among the special questions of rationalization which 
require research and organization work of a particular 


kind is that of standardization. To provide a guide to 
standards engineers, the French Standards Association 
has here collected together details of the practical 
experience of the organization and functioning of 
standards departments from more than 150 enterprises. 
The book also contains documents on French and 
international standards organizations. Na. 


Les fusées. By Jean Pellandini. Presses Universitaires 
de France, Paris, 1958. Collection ‘‘ Que sais-je?” 
(French, 128 pages, 156 francs). 


An excellent little book for the man in the street, which 


_opens and closes on one of man’s oldest dreams, the 


conquest of space. The introductory historical chapter 
stresses in particular the part played by Constantin 
Ziolkovski in the development of rocket propulsion. 
There follows a chapter on German research, after which 
the author goes on to discuss the special problems raised 
by propulsion, guidance and structural materials (thermal 
barrier). Finally, after an examination of military 
applications, missiles, auxiliary power units and main 
engines for modern aircraft, he concludes with an 
outline of present rockets and of the prospects for the 
future. The author has consulted a vast quantity of 
up-to-date documentation—but missed the cancellation 
of the “ Navaho” last July. This does not, however, 
detract from the book’s overall value. So. 


Einblick in die Luftfahrt. — Issued by the Lehrmittel- 
institut Wilhelmshaven. Hermann Hiibener Verlag, 
Wilhelmshaven, 1957 (German, 68 pages). 


The present first volume in the series “ Einblick in...” 
(Glimpse of . . .) dealing with modern technical and 
scientific subjects describes in readily understandable form 
many aspects of aviation, such as landing procedures, 
instrument flight, airways, radio, wing shapes, radar, 
aircraft types, etc. and gives the man in the street a real 
“ glimpse into aviation ”. Na. 


Flieger-Jahrbuch 1958. — Eine internationale Umschau 
des Luftverkehrs. By Heinz A. F. Schmidt. Verlag 
Die Wirtschaft, Berlin, 1957 (German, 165 pages, 
numerous illustrations). 

This book, published in East Berlin, is described on the 
dust jacket as the “ first publication of its kind in the 
East German People’s Republic”. Its object is to in- 
troduce East German readers, particularly the younger 
generation, to the latest developments in world air 
transport, a task which it has accomplished with some 
success. Lavishly illustrated, it includes detailed chapters 
on the coming jet services, air freight, helicopters, etc. 
It opens with a brief historical survey and, in the second 
part, contains a sidelight on military aviation: “ The 
Soviet Union, the world’s strongest air power ”. Needless 
to say, the official East German attitude is also reflected 
more or less clearly in other chapters. Presentation is 
strikingly good. He. 


Interavia’s 25th Anniversary 


The June 1958 issue of Interavia, 
Review of World Aviation will be a 
Jubilee Issue to mark the Publishers’ 
25th Anniversary. 


To celebrate the occasion, we are 
organizing an 
Essay competition 


with cash prizes totalling $5,000, which 
will be open to all readers. Conditions 
will be announced in the June issue. 









{INTERAVIA 
SSS 1933-1958KK 





INTERAVIA N°. 5/1958 463 





Into Thin Air. — By E. W. Still. Published by Normalair manned rocket-powered space vehicles in the X-series. 
Ltd., Yeovil, England, 1958. (English, 215 pages, The dust cover mentions that this is a book for young 
18s. 6d.). people but it will probably find a wider market. The 

—* 5 ; . : line drawings are by John Wood. Ru. 
The author is himself technical director of Normalair 

Ltd. and his book is a study of the requirements of 

complete and integrated air conditioning systems in 

aircraft, and discusses the way in which these requiree Translation 

ments can be met. The 12 chapters and 7 appendices 

cover every aspect of the subject ranging through pressure 

control, cooling, temperature control, humidity, air 
flow and ventilation, oxygen, etc., all treated under 
separate headings. The appendices contain useful 


Flug ins Grenzenlose. — The Story of Test Pilot Chuck 
Yeager. — By William R. Lundgren. Translated by 
R. Frank (original title “* Across the High Frontier ”). 
Albert Miiller, Riischlikon-Zurich, 1958 (German, 
225 pages). 


reference data for designers and technicians. Ru. 
Major Charles E. “ Chuck ” Yeager... Bell X-IA... 
- Fli K 5 : Mach 2.5... I/nteravia readers will need no further 
geet ty po “¢s = pane). my ne by recommendation to read this excellently written, well- 
Karlheinz Kens, Krefeld. — Wilhelm Kohler Verlag, illustrated book. He. 


Minden, Westphalia, 1958 (German; 223 pages). 


Strenuous efforts are today being made in the West 
German Federal Republic to strengthen the psycholo- Books received 
gical bases for the expansion of Lufthansa, the creation 
of a new Air Force and the first new steps in aeronautical Publications scientifiques et techniques du Ministére de 
research and the aircraft industry. The object is to |’Air. Distributed by the Service de Documentation et 
revive airmindedness among the widest sections of the d’Information technique de l’Aéronautique, Paris : 
population, particularly among the younger generation. 
The present book, a collection of articles rather than a 
calendar in the ordinary sense, is also devoted to this 


No. N.T.66: Recherches sur quelques propriétés de 
certains hypergols, by Jacques Frangon. 


task, as a glance at its contents will show: “ Pilot Training No. N.T.67: Caragraphe, Instrument pour la détermi- 
in the German Air Force ”, “ Careers with Lufthansa ”, nation graphique d’écoulements plans supersoniques par 
“Identity Card for Jet Engines”, “ Glider Develop- la méthode des caractéristiques, by Gérard Gontier. 
ment ”, “ Parachute Jumping as Sport ”, etc. He. No. N.T.68: Contribution a la mesure des chaleurs 

spécifiques des gaz et des vapeurs, by M™* M. Huetz- 
Jet Planes Work Like This. — By John W. R. Taylor. Aubert. 

Published by Phoenix House Ltd., London, and Roy No. N.T.69: Installation de la portance sur un profil 

Publishers, New York, 1958. (English, 63 pages, muni dune fente de soufflage au bord de fuite et correction 

60 illustrations, 9s. 6d.). due a l’envergure finie, by R. Hirsch. 

In this work Mr. Taylor offers a very readable and No. N.T.70: Les méthodes scientifiques dans les tech- 
interesting coverage of the history, design and working “/9¥es modernes : Quelques écueils, by Pierre Vernotte. 
of jet engines in plain straightforward language. He No. 334: Ecoulement d’un fluide entre deux plans 
covers not only the early and contemporary jet families, paralléles ; Contribution a l'étude des butées d’air, by 
but discusses the future including VTO aircraft and Raymond Comolet. 





READ 


A 


= ® RADAN 


—_ 
INTE RAVIA 1958 Edition commercial version 
of GPL’s famous 
Directory of World Aviation 


airborne Doppler 


rolUh fobialeh ale lonarelal 
Time is money and the hours spent in a fruitless search for minor items of information are an 
uneconomic investment. Without the background information relevant to your work time is systems 
wasted in.abortive telephone calls and the result is a frayed temper, ulcers and a secretary 
in tears. She does her best, poor girl, but you can't reasonably expect her to keep everything 





in her head. And all this can happen to any of us when a name, a vital address, a telephone e RADAN 
number or telegraphic address is not at our finger tips. 

Day after day /nteravia's offices throughout the world—not to mention the Head Office in the global guide 

Geneva—receive a stream of letters and telephone calls seeking information on airlines, : 

manufacturers, government agencies, airports, etc., etc. for which 

All this information can be quickly available when the Interavia ABC, Directory of World raRVAlitolaMmehalehitela 


Aviation is at your elbow. This world-famous annual reference book has been serving the 
aviation world since before the war and the 1958 Edition is just out. For the last twelve months 
the staff in Geneva has been busy acquiring and recording every piece of information neces- 
sary to make this Directory complete and up to date. They are in regular touch with the 40,000 
companies and organizations which are listed in these 1,350 large-size pages. Every year tens 
of thousands of questionnaires are sent out to the four corners of the globe; thousands of 
books, magazines and other publications are scrutinized for items which are likely to be of 
service to you; and countless letters and telegrams from /nteravia's world-wide network of 
correspondents ensure that the smallest changes in company staffs or organization are 
recorded. Each new edition of Interavia ABC is at least a 60 percent revision of the previous 
edition. Each year the changes of address on the ABC cards alone run into a figure of 4,000. 


has been waiting 


ram atel\ameh Zell le] o) (= 





The new edition has just come off the presses. We know by experience how quickly the new 
edition of the Directory is sold out, and advise you to make sure of your copy today. Interavia 
ABC can be ordered from your bookseller, or direct from the Publishers or their agents. 





Price, including postage and packing: $ 12 or £ 4. 
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One look and the pilot KNOWS. In a glance 
he reads actual ground speed and drift angle, 
displayed on his flight panel — automatically 
and continuously. 

The system operates entirely without 
ground aid or celestial fix. 


. 
Ver 





- — 





ground speed & drift angle 
any time, anywhere, any weather 





“4 RADAN is the result of GPL’s harnessing 
of Doppler for air navigation—an achievement 
comparable in magnitude to the breaking of 
the sound barrier 


.zand now for everyone 


The wraps are off RADAN! The civilian coun- 
terpart of GPL’s famous military Doppler auto-navi- 
gators, is ready and available now — for anyone and 
everyone! 

RADAN Systems have behind them millions of 
miles of experience in transcontinental, oceanic and 
polar flights . . . save precious time and fuel . . . pro- 
vide a priceless margin of safety. 

@ RADAN — accurate: within 1% for ground speed, 
within 4° for drift angle 

@ RADAN — small: 4.4 cu. ft.—light: 89 Ibs. 

@ RADAN — operates without ground or celestial aids 

@ RADAN — virtually maintenance-free 


ENGINEERS — GPL achievements have opened up some unusual research and development opportunities. Send resumé to Personnel Manager. 


Now in quantity production, RADAN Systems 
are manufactured by GPL, who developed and is the 
nation’s leading producer of Doppler air navigation 
systems. Address inquiries to: General Precision 
Laboratory Incorporated, Pleasantville, New York. 
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20 YEARS 
of specializing 


in the manufacture of 


Bearings for flight controls 
PLANT AT CHAMPIGNY-sur-MARNE (SEINE) 
2, RUE BREGUET 


PARIS XI 
TEL. VOL. 19-69 


MB. 326 


eae 
a OR 


AERONAUTICA MACCHI — VARESE Established in 1912 
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Swiss Welcome 


Worldwide 


Wherever you board one of Swissair’s 
modern planes—in New York, 

in South America, in Europe, or the 
Near or Far East—you'll find 

something different, you'll like the 
friendly, helpful cabin attendants. 

You'll be greeted as a welcome guest. 
And you'll enjoy the same hearty 
hospitality that has made Switzerland's 
best hotels famous throughout the world. 


You get these extras too— 

Up-to-date aircraft equipped with RCA 
airborne weather radar 

World-wide routes: Europe—South 
America—USA—Near and Far East 
Delicious meals, from Swissair's 
world-famous chefs, included in 

your ticket 


| 
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Your travel agent will tell you: 
The fares are all the same: it’s the 
service that's different 


SWISSAIR 





5 ways 
to : 
keep in touch with : 


A 

All items of Murphy ; 

equipment shown here are ¢ 
described in detail in our 
technical brochure, together with 





REBECCA 8 
MILITARY NAVIGATIONAL AID 
Meter presented 
range, heading 
and approach 
facilities. 


TEN ON Reo Oe He PU PEI OO aE at ie ey 


RB 110 

RADAR BEACON 
Navigational 
beacon for use 
with REBECCA. 








BABS 4 BLIND APPROACH 
BEACON SYSTEM 


bs | ’ ; Re sec ee ss oo Ra RY Sen Pr 
b warm 
’ PONE IM Py PN OT IO oe Sa oe fe Om ey ene 


murphy 


in the air * 


many other interesting items. 

If you have a problem concerning 
aircraft equipment we shall be 
pleased to send you a copy. 








REBECCA 8B 
CIVIL 
NAVIGATIONAL 
Alp Civil version 
of REBECCA 8 
for use on national and 
inter-continental aircraft. 








MR 255 
RADAR BEACON MONITOR 

Comprehensive control and 
monitoring facilities for the 
RB 110 beacon. 





Approach beacon for use with REBECCA 8 only 


* We say again 





Keep in touch with murphy 


Murphy Radio Limited (Electronics Division), Welwyn Garden City, Herts, England 
CRC44E 
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AIRCRAFT 
CONSTRUCTION 


AERFER 


\ POMIGLIANO D’ARCO 
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S.F.E.N.A. 


SOCIETE FRANCAISE O’EQUIPEMENTS POUR LA NAVIGATION AERIENNE 


DEPARTMENT OF EQUIPMENTS 


Automatic pilotes 
Horizons 

Directional gyros and 
rate gyros 

Magnetic compasses 
Servo Mechanisms 
Magnetic amplifiers 


ELECTRONIC DEPARTMENT 


Ranging and guidance 
for aircraft and missiles 
. Telecommand and Telemetring 






25 & 29, Rue du Pont; NEUILLY (Seine) - Tél. MAlllot 49-35 et la suite 














8" INTERNATIONAL Westland WESSEX 


TURIN — September 27th to October 7th, 1958 


METALLURGY 

GENERAL ENGINEERING 

OFFICE MACHINES AND EQUIPMENT 

MACHINERY AND EQUIPMENT FOR 
WORKS ORGANIZATIONS 

MACHINE TOOLS 

GENERAL TOOLS 

ELECTROTECHNOLOGY 

ELECTRONICS 

NUCLEAR ENERGY 

PLASTICS, RUBBER, PAINTS AND 
BONDING MATERIALS 





CINEMATOGRAPHY 
PHOTOGRAPHY 
OPTICS 
TECHNICAL AND SCIENTIFIC PRESS 
AND PERIODICALS The Wessex is the first helicopter in the world to go into 
production powered by a free-turbine engine. During the first 
? flight of the prototype last year it was airborne for sixty-five 
Associated events minutes. It has now embarked upon an intensive flight test 
* 3rd Show and Contest for Inventions and Industrial programme. 


Progress in Engineerin . ‘ . 
* pe tt Sieaiine Congress The free-turbine engine gives the Wessex advantages of supreme 


* 10th International Cinematographic Congress economic and operational importance. 
* Engineering and Marketing Conference 

* Conference on mechanization of office work 
* 10th International Cinema Week 

It enables the helicopter to be airborne from a cold start 


Event organized by the Engineering Show within 45 seconds. 


* 2nd International Tractor Show (May 10th to 18th, 1958) : 
It uses the same fuel as jet aircraft, thus eliminating the 


necessity to store two types of fuel on airfields and 
aircraft carriers. 


It reduces the noise element inherent in piston-engined 
helicopters to an unobtrusive purr. 


It reduces vibration to the minimum, which means less 
wear on components and greater comfort for passengers 
and crew. 


The compactness and light weight of the engine allow 
for increased payload. 





The Wessex has been ordered for the Royal Navy for anti- 
External delegations: submarine duties. 


PARIS — Italian Chamber of Commerce in ‘ . ‘ , , 
Paris — 134, rue du Faubourg St. It is powered by a single Napier Gazelle free-turbine engine. 
Honoré — Paris Vill — Tel. Elysées 
46 27 - Balzac 39 80 - 41 88 
FRANKFURT ON MAIN — Italian Chamber of Commerce for 
Germany — Feldbergstrasse 24 — 
Tel. 774 747 - 774 767 


BRUSSELS — Belgo-italian Chamber of Com- ; 
merce — 61 rue du Midi — Tel. 
12 96 31 


AMSTERDAM — J. Leonard Lang — Stadhouders- 
kade 114 — Tel. 719 744 


— ~ file’ Tels aes” Toure” The Hallmark of British Helicopters 


WEMBLEY (Middlesex) — Fiat (England) Ltd.— Water Road— 
Tel. Perivale 5651 


WESTLAND AIRCRAFT LIMITED - YEOVIL - ENGLAND 
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Pilatus Aircraft Works Ltd. 


Stans (Switzerland) Tel. (041) 84 14 46 





P 3 Trainer for the Swiss Air Force 


Equipped for: Elementary training, Altitude flying, Acrobatics, Instrument 
flying, Night flying 


With training armament for: Machine gun practice, Rocket practice, 
Bombing practice 


P 3 is today’s most versatile trainer in its class, for the rational 
training of military pilots, from first flight to jet fighter 


@ Shortens training time 
@ Reduces training costs 


@ Simplifies aircraft fleet by choice of a single type for 
full training 
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OFRANCE 











Lr ] 

: provides 100% 

. elimination 
of water 


from all fuels 


The most efficient water sepa- 
rators claim only 99.98 %, which 
still leaves 200 gr of water per 
cubic metre. This is excessive. — 
The KNS OTH Separator-De- 
hydrator completely removes all 
water and humidity from all 
fuels and liquid propellants. 






SOFRANCE 


LIMOGES - 34, Av. du Géneral-Leclerc - Tél. : 28-23 
LYON ~- |, Rue Ferrandiére - Tél. : 37-82-52 
PARIS - 206, Boul. Pereire, 17° - Tél. : ETO. 35.19 





COSTRUZIONI AERONAUTICHE 
GIOVANNI 


AGUSTA 


AGUSTA-ZAPPATA-8L 


CASCINA COSTA (GALLARATE) 
ITALIA 





Telegrams : AGUSTA-GALLARATE Telephone : 21767 - 21768 - 21409 - 20109 








Polish gliders 


ZZ, 
Built by the Polish ) 7 \ Polskie Zaklady 
> 


aircraft works Lotnicze 











“ Bocian ”’ high-performance two seater 16 world records and 55 national records have 

* Jaskolka ” high-performance single-seater already been set up in Polish gliders, also 33 inter- 

“Czapla” training two seater national glider badges with 3 diamonds have been 
“Mucha 100” training and performance single-seater won by Polish pilots. 


SOLE EXPORTER : 


3 ™ 
0 OI) TOK WARSZAWA, PRZEMYSLOWA 26, POLAND 
& POST BOX 365 - CABLE ADDRESS : MOTORIM-WARSZAWA 





Zw ps) 
Ay 


Se. p y 
Vor FOREIGN TRADE CENTRE 





SOLE IMPORTER FOR SWITZERLAND : “Palma”, 51, bd C.-Vogt, Geneva 








Rocket engines 


SOLID-PROPELLANT 
LIQUID-PROPELLANT 











of all powers 


Our rocket engines 
are used in, for example : 


— THE MIRAGE 
— THE TRIDENT 


— THE Sud-Aviation | Matra 
MISSILE 








~ 
© 
& 
-) 


SOCIETED'ETUDE = 
DE LA PROPULSION PAR REACTION 


1, voie des Sables — Villejuif (Seine) 
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airborne search radar 


FOR 
DE HAVILLAND 
COMET IV 


Already installed with great success in the entire B.O.A.C. 
Bristol Britannia fleet, Ekco Airborne Search Radar is now 
being fitted in the de Havilland COMET IV. 


Ekco Airborne Search Radar gives warning of turbulent cloud 
formations up to a range of 120 miles. It includes the Iso- 
Echo Contour circuit to provide a simple means of distinguishing 
the amount of turbulence. 


It also provides map-painting facilities and—as an aid to 
navigation—the new Ekco Doppler Drift unit can be incor- 
porated. 


EKCO electronics 


Airborne Search Radar 
Airfield Approach Aid 
V.H.F. Communication 
Equipment 


The P.P.I. display shows a sector of 
space ahead of the aircraft. Cu-nim 
cloud cores are indicated by white 
areas and particularly turbulent re- 
gions by black areas surrounded by 
white. 





== EKCO ELECTRONICS LTD - SOUTHEND-ON-SEA - ESSEX 
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SIMMONDS 





SAFETY 








NYLSTOP 


AND 


H.T. 


(High Temperature) 





S I—Sellers—Whiiworth, etc. thread 








3, rue S.-de-Rothschild, SURESNES (Seine), LON - 55-40 











Licence’ Robipson Aviation U.S. A. 








Apfortisséur d¢ chocs 
t de vybratiohs 


TOUT METAL 


BRACHOC étudie pour vous 
vA vos problémes 
. d‘isolément aux chocs 
x vibrations. 
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VIBRACHOC 


39, rue des Mathurins 


PARIS 8* 
Tél. : ANJou 25-98 





















































PAUL: MARTIAL 


under license from 


MARSTON 
EXCELSIOR L™ 


at Rouen 
we manufacture 


FLEXELITE ° 
FLEXIBLE 
TANKS 


ULNA titra... 


for 


aircraft and liquid rockets 


LAMINATED 
PLASTICS: 


radomes 
antenna housings 
fin tips 


conduits 


DIVISION MARSTON 


6, RUE STANISLAS-CIRARDIN ROUEN 
TEL 71 06-72 
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CARBURATEUR 


ENIT 





PRODUCES ALL EQUIPMENT 


FOR FUEL FILLING 
CIRCULATION 


FOR ALL AIRCRAFT 
* 


EQUIPS THE PRODUCTION MODELS OF THE 


MYSTERE - MAGISTER - NORATLAS - VAUTOUR - 


* 


BENDIX - HOBSON - FLIGHT REFUELLING 
PLESSEY - SAUNDERS VALVE LICENCES 


17, Rue Louise Michel - Levallois-Perret - Per. : 


ENG... 
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N.V. HOLLANDSE SIGNAALAPPARATEN “Hengelo 
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‘GUN FIRE CONTROL SYSTEMS FOR MEDIUM A.A.A BATTERIES 


Gun fire control system for 40mm guns 


Already being 
delivered to 
several N.A.T.O. 
countries 





|], CONTRAVES ITALIANA S;A ROMA 
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Esso is clearly the leader. Airlines know that quality saves them money in the long 
run. Esso Aviation Oils are backed by intensive research, comprehensive service 
tests and millions of hours of actual use in commercial air transports. In recipro- 
cating engines, Esso oils prevent piston ring sticking and lessen the formation of 
sludge and other harmful engine deposits. With an unusually high viscosity index, 
Esso Aviation Oils maintain fluidity at low temperatures yet provide a tough shield 
when hot. Esso oils can be relied upon to reduce wear of cylinders, bearings and 


other critical engine parts. 
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In aviation turbine oils, the synthetic EATO 35, perfected by Esso in 1949, is 
still the only oil approved for the world’s most advanced turbine airliners. 


Both types of oil reduce maintenance costs while increasing the time between 


Esso) 


overhauls. 


90° OF ALL INTERNATIONAL AIRLINES USE ESSO AVIATION PRODUCTS 





